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MAIN ROTOR FREE WAKE GEOMETRY EFFECTS ON
BLADE AIR LOADS AND RESPONSE FOR
HELICOPTERS IN STEADY MANEUVERS
VOLUME II - PROGRAM LISTINGS¥*

By 8. Gene Sadler :
Rochester Applied Science Associates, Inc.

SUMMARY

Computer program listings are presented for two separate pro-
grams, the wake geometry and the blade loads and response programs.
These programs compute blade loads and responsge for single rotor
helicopters in steady maneuver flight conditions. The listings in
this volume correspond to the calculations discussed in VOLUME I.

INTRODUCTION

Vortex-blade interactions are an important source of high fre-
guency, high amplitude aerodynamic loading of helicopter rotors.
Increasingly more complete models of both the aerodynamics and
elastomechanics of the helicopter rotor system are being developed.
The programs listed here include the effects of free wake distor-
tions, blade flexibilities, nonlinear aerodynamics, and uses an

iterative solution technique to obtain compatible blade loads and
response.,

Four steps are necessary in obtaining blade loads and response
results including the effects of free wake distortions by using the
programs listed in this report:

1. Preliminary calculations (or measured data) are used to
define rotor system performance parameters and flight conditions.
Definitions of model parameters and program control variables are
necessary for program operation.

2. A wake geometry calculation is made to obtain wake-induced
velocity influence coefficients and initial estimates of bound cir-
culations for use in the blade loads calculation. Wake geometry
data is also printed during this calculation. (If uniform inflow
approximations are desired, this step may be omitted, and the blade

*VOLUME I - THEORETICAL FORMULATION AND ANALYSIS OF RESULTS is
contained in NASA CR-2110.



loads and response calculations performed without the effects of a
freely distorting wake.) _

3. Blade natural frequencies and normal medes are computed for
use in calculating blade response. The normal modes may be coupled
or uncoupled, but must be orthogonal and must have a generalized
mass of unity. At least one normal mode is required for program
opera?ion. (Steps 2 and 3 are independent, and their order unimpor-
tant.

4. Given the wake program input for use in blade loads calcu-
lations and the natural frequency and normal mode shape input for
use in blade response calculations, the blade loads and response
calculations are then performed by the blade loads and response pro-

~gram. Output of this program includes the wake-induced velocities,
angles of attack, aerodynamic loads, and blade lineal .and angular
motions, moments and shears as computed from the appropriate normal
mode quantities and genéralized coordinate magnitudes.

Program input and output is in English units.
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OVERLAY{WKOVL 4040

PROGRAM GEOW (INPUT,QUTPUT,BDSIG,BDGAM,WKGEOQ,TAPES=INPUT, TAPE6=0UT
1PUT,TAPE4=BDSIG, TAPES=RDGAM, TAPE10=WKGED)

PROGRAM WAKE GECOMETRY

DIMENSION TM{9},TV{3)

COMMON /MUVXYZ/ TMyTV,DEL ,VDT yRC 4CAPPHI, AQyAZ YRy ZR,RP,IVAR
COMMON /STPSZ/ NRATIO JNAA,LRGWKS,LIMLSS, L SWW

CALL GEOM
CALL WK1

STOP
END



SUBROUTINE GFNM

INTEGFR OUT,WKPT,CNTR

INTEGER T45,WW

REAL MXYZ ,MU, MUAL Ty MUSPKyMUCAT MUSAT ;MUDP 4MUSDP 4LINTH,, LNTH, LOADN,
ILTMP,LSQeMX g MY G MZ 4, MUCDP MUSDS yMUCDSy TOyMB oL X4 KXX

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NDIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DEMENSION
DIMENSION
DIRENSION

AlL05444)
ALFA1{01)
ALFA24C1)
ALFASICY)
ALFAT(D1)
AQL01)
ALPHAQ(OD)
ALPHAR(D1)
AR{N1)
ATMP{11)
BINB5,40)
BETA(O3,1)
BTMPEL11)
€i{ng}
CELAECT)
CHORD{O1Y
DELTAICTLY
pIeaecy
DIR(1}

DNTH{011,040)

DSN{(C4D)
DTMPED4D)

DBIMENSION GAMMAL(LS,040)
DIMENSION GAMMAG{360)
DIMENSION GAMMK{1,040)

DIMENSION
DIMENSION
D IMENS ION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

ENDXG (40}
Ioton)
KXX{0L)

INTH{DS5,44)

LOADNLC44)
LSQ{244)
LTMP{0D44)
Lx{o1)
MB(C1)
MUCDS(1)
MUSDS (1)
NPSIA1)
NPTS{60)
PSIL1)
PSIR{2L)
R{11)
RBAR{Q4D)

RCAP{O1,11)



DIMENSION
DIMENSION
DIMENSIDN
DIMENSION
OIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSTION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION

COMMON

RMODI11)
RSMLL{D1,44)
RZFRN(1)
SGMAL{N44 NG44 )
SGMAZ {05y 44)
SIGBL {36D)
SIGMZ{1™M
7(3,3)
TCAR{N3 ,03)
THTAX{D1)
THTAY(D 1)
TMI9) o TV}
VI{D1,01)
VX{D5,44)
vieLtany

VY {05,44)
VZ7{05,44)
VXX{D1,01)
WKX(01,01)
WKY{(1,C1)
WKZ(n1,01)
X(05,44)
XROT{011}
XX{01}
Y{N5,44)
YROT{N1)
1{05,44)
ZAP{4N})
IROT(01)
ISTOR(800)

/AL 1BDA/ ABRK

COMMON
C OMMON
C OMMON
COMMON
C OMMON
COMMON
C OMMON
COMMON
C CMMON
C OMMON

/APXLDB/ LOADN
/BETA1/BETA,MBETR,NBETC,PI,DsUsFyAS,ALPHAL, ALPHA2, RO
/BETA3/0M,0OMSQ4AD, AR 4V ¢RHO4MU

/CONT/ NA,NRyNANRs JA3JJyNNyNySIGN, IT,NGJIR

JCONVGA/ EPSGyNWKRQ

/CONVGB/ SGMAY, INDXG

/CONVGC/ GAMMAG

/DART1/ SGRATO

/ELNTHS/ ELL{16)

/ITRG/ ITRGX

COMMON /MODCNT/ NTVM,NWSTRE 4NWRyNANRM,NIBRVM,NIBM

COMMON /MODWKL/ GAMMAM{S54 ,16) sRM{1), AM(05,16),VXM{54,16),
1IVYMI54,16) ,VIMU54416) o XM{54,16) 3YMI54,416) ,7IM(554,16)

COMMON /MDDWK3/ AFM{4,11),8FM{4,10)

COMMNIN /MUVXY7/ TM,TV,DEL,VDT,RC,CAPPHI, AQ,AZ,YR,ZR4RP 4 IVAR
COMMON 70UTDI/ NNTV.NEXPWK,NSIGRW,NMODR,NMODC

COMMON 7DUTDIT/ NWKCLM

COMMON /70UTIN/ IN,QUT



30
31
32
33
34
35

907
2056
16
901
9875
8882

COMMON /STEPXA/ WKPT,WW,I0UT,NOTTP] 4KAT,NBC

COMMON /SUBIB/ KX,LSQ,DSQ,DTMP, TMP ,ATMP ,BTMP

COMMON /SUBIC/ R,C,DTWOPI

COMMON /SURID/ 1,1P1,IM1

COMMON /SUBIE/ NAS

COMMON /STPSZ/ NRATIO JNAA,LRGWKS,LIMLSS,LSWHW

COMMON /TEST33/ NID o NROT,NWNBRVL X yYsZyAyByDNTH,LNTH,NAR,NPER,
1JSTIGT JNWMKy Jy NWML,NTBV, VX4 VY, VZ ,NIBRY

COMMON /TEST55/ JLsJSIG4NTV,NTV1,M,DPST,CHORDyRSMLL ,RCAP,GAMMA,QSZ
COMMON /VLIMIT/ VLIM(11),VMLIM(16)

COMMON /VLNTHS/ NALIM,VLL

COMMON /WAKEL/ VOOMR,NUWKPT VI, WKX,WKY ,WKZ,COSB3,SINB3,NASL,
INTBNA s NWKL STy NWKR Wy NWKCL yNLP1 yNLP2,NLP3,NLP4 , TWGPI

COMMON /WKCONT/ NWKPD

COMMON /WKQ/ NUMXYZ

COMMON /WK1A/ PSIR4DPSIK,PSIK,DELTA,RREF MUCDS,MUSDS, THTAX,THTAY
COMMON /WK1B/ XROT,YROT,ZROT,TCOR,ALFAT,ALFAL,ALFA2

COMMON /WK1C/ PSI,CCLA,DIR

COMMON /WK2A/ MSET, GAMMK, INDXyJAC,INDXLy SGMAZ 5 SIGMZ 5 SGMBL
COMMON /WK2B/ XA,YA,ZAyXB,yYB, ZB,XCyYC,yIC

COMMON /WK2C/ STGBL

COMMON /WK2GAM/ GAMFAC

COMMON /WK&A/ VXX

COMMON /ZCNTRL/ NZS

COMMON /2SS/ ZSTOR

DATA BLANK/1H /
DATA NWKX g NWKY , NWKZ /3 HWKX ¢ BHWKY 9 3HWKZ/

FORMAT(4HOAFM /)

FORMAT{(4HOBFM/)

FORMAT{33HOVLIM{NTV), VMLIM{NTYM%NIR) ,GAMFAC/)
FORMAT(12HONALIM FLIM/2%X,13,G16.7)
FORMAT{12HCVLLINIRBRYM}/}

FORMAT (23HCONUMBER QOQF SMALL STEPS ,15424H STARY SMALL STEPS AT ,
1 151

FORMAT(16X%X,3F8,8)

FORMAT (29X%,15)

FDRMAT (20A4)

FORMAT (19%,2X,7X,E11.8)

FORMAT (1X,8G1A.7)

FORMAT (1H1,47X,37HFREE ROTOR WAKE GEOMFTRY CALCULATIONS///
11H ,26X%X4,20A4/7

21H 326X 20A4/7

31H 426X,20A047/

41H +58%X;16HBLANDE PROPERTIES//
51H +9XyF8.3+30H ADVANCE RATID, DIMENSIONLFSS,
H630X4FB.,5327TH MAXIMUM CONVERGENCE ERROR/
TiIH +9XaFR.39y31H ATR MASS NENSITY, LB-SEC2/FT4,
8 29X FB.3430nH  REFERENCE ROTOR LLENGTH, FFET/



21H ,9X,F8.,3,254 RLADE ROQT RADIUS, FEET, :

1 35X,F8.3,4,35H ROTATIONAL RATE OF ROTOR, RAD/SEC/
61H 49XyFB8.3,26H FORWARD VELDCITY, FT/SEC,

5 34X9FB.3,30H SLOPE OF LIFT CURVE, 1/RAD2/

9IH s TTXsFB8.3,42H VDRTEX CORE RADIUS FACTOR, DIMENSIONLESS//)

8883 FORMAT{1H //

114 ,38HAMPLITUDE OF LATERAL CYCLIC PITCH, RAD, 12Xy 1({F9.495X)/
21H »42HLATERAL SHAFT TILT ANGLE, P0OS T0O PORT, RADy, 8X,1(F9.4,5X}/
31H s43HAMPLITUDE OF LONGITUDINAL CYCLIC PITCH, RAD, TX,1(F9.4,5X}/
41H 439HLONG FIRST HARMONIC FLAPPING ANGLE, RAD, 11X91(F94445X)/
7T1H 423HBLADE CONING ANGLE, RAD J 27Xy 1(F9,445X)/
61H 442HLONG SHAFT TILT ANGLE, P0OS AFT FR VRT, RADy, 8Xy1{F9.4+5X)])

8889 FORMAT (

114 ,34HBLADE INBOARD AIRFOIL RADIUS, FEET, 16Xs 1{F9, 445X}/
21H 441HOFFSET OF HINGE FM CNTR OF ROTATION, FEET, 9%+ 1{F9.4,5%X)/
91H ¢43HDIRECTION OF RDTORy POS IS COUNTERCLOCKWISE, 7X,1(F9.4,5X)}/

41H 426HROTOR REFERENCE ANGLE, RAD, 24X91{F9,.4,5X)/
51H 4+22HBLADE TWIST ANGLE, RAD, 28Xy L1 F9.495X)/
71H 20HCHORD, DIMENSIONLESS, 30X, 1{F9.4,5X)/
81H ,29HSHAFT TILT, POSITIVE AFT, RAD, 21X 1{F94.4,5X})

BB887 FORMAT |

11H J42HEXTRAPOLATFED ANGLE OF ATTACK AT SHAFT, RAD, 8X41(F9,.4,5X}/
21H 429HX-AXIS ROTCR COORDINATE, FEET, 21Xy 1UF9.4,45X)/
41H $29HY~-AXIS RDTOR COBRDINATE, FEET, 21X+ 14{F9e445X)/
51H 42HLATERAL FIRST HARMONIC FLAPPING ANGLE, RAD, 8X,1{F9.4,5X)/

61H +29HZ-AXIS ROTNR COORNDINATE, FEET 321X 411{F9,.445%X)/77/)
C
B884 FURMAT(
114 34HCOGRDINATE TRANSFORMATION MATRICES 69X,
225HPROGRAM CNNTROL CONSTANTS//
21H 412X, 9HROTOR ONE/ '
41H 499%X,13,17TH AZIMUTHAL STEPS/
S1H 4FT743,2{6X,FT.3)/
B1H +FTe3,2(6X,FT43)366X:13,18H BLADES PER ROTOR/
TIH sFT7e3:2(6XsFT7.3)/
81H 499X,13,24H INPUT CONTRCL CONSTANT/
91H ,12%X, SHROTOR Tw0/
11H ,99%X,13,722H REV OF WAKE RETAINED/
21H 4FTe3421(6X,F7.3)/ .
F1H JFTe3,2{6X3FTe3)46EX,13,84 ROTORS/
41H $FT43,2{6%X,FT.2)/
51H ,99X,13,24H TRAILED VORTICES/RLANE//)
8885 FORMAT(1H ,S5HRCAPS//
11H J10HROTOR ONF 91Xe9{1IXyFTedslH )4 1X,F7,4)
8886 FORMAT{IH ,10HRDTOR TWO 41X 011X sFT7e4slH )91X,FT.47/)
C
C
IN=5
NUT=6
1NUT=7
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INTP1=4
NOTTP1=8
INTP2=4
NOYTP2=4

Do 2 1=1,90
NI(II=BLANK

DEL=D,
ypT=n,
READ INPUT,

READ (5416} NPTS

READ {IN,906) NBC NWKRO sWW NUWKPT JNTVMNANRMyNASNI By NTV sNREV 4NROT

READ {IN,9C6) NAA,L SWW

READ (IN,9CH) WKPT,ITEGX

READ fIN,906) NALIM

READ {IN,9C6) NUMXYZ

READ (IN,901) SGRATN

READ (INy901) VODOMR,ABK ,00My Vs RHD
NTVi=NTV-1

NIARRVM=NTVMENTBXNROT

READ {IN,901) {ALFAL(I},ALFA2(T),CHORD{T) ALFAS(I) DELTA(I},

ITHTAY(T) 3 THTAX{ 1) ¢PSIR{TI),RZERO(T},DIR{I),I=1,NROT)

READ (IN,9P1Y((RCAP(I4J)+J=1yNTV),I=1,NROT),RREF,CLA,EPSG
READ (IN,9C1) {XROT(I),YROT{I),ZROT{I}),1=1,NROT)
NTVYMP2=NTV#NROT

READ{IN,901) ((AFM{T,d)y J=1,NTVMP2), I=1,NTVM)

READ (IN,901) ((BFM({I4J)sJd=13NTV1)yI=1,NTVHM)

READ (IN,901Y (VLIM{I},I=14NTV), (VMLIM(I),I=1,NIBRVM)
READ (5,901) GAMFAC

READ {IN,901) ELTM

INA=NA

SINALS=SIN{ALFAS(1}))
COSALS=COS{ALFAS{1))

CALL MANEUVIV,0OM,ZNA,RREF s SINALS,CGSALS)

IF (NUMXYZ.GT.0) READ (IN,901) {ZSTOR(I),I=1,NUMXYZ)
ITRGX = UPPER LIMIT ON NUMBER OF TTERATIONS FOR GAMMAS
ABR = VORTEX CORE RADIUS CONSTANT
SUBSCRIPT{M) = INCREMENTED NUMBER OF ROTORS

"DEFINE CONSTANTS,
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OO

T OO,

INDXL=0
PI=3,141593
KAT=0
TWOPI=2,%P1
DTWOPI=1./TWOPT
SGRATO=DTWOPI/SGRATO
DPSI=THWOPI/NA
DPSIK=TWOPI/NIB
OMSQ=0Mx0M
MU=y / {OM*RREF)
MUDP=My*DBP ST

READ ANGLES IN RADIANS OR CONVERT DEGREES TO RADTANS BEFORE
NEXT STEP

CY=COS{THTAY(1))
SY=SIN{THTAY(1))
CX=COS{THTAX(1))
SX=STIN{(THTAX(1))

COMPUTE COORDINATE TRANSFORMATION MATRIX FOR USE IN LOCATION
OF MTH ROTOR, ‘

TCOR{1,1)=CY
TCOR{2,1)=SY*SX
TCOR{3,41)==-SY%*(X
TCNR{1,2)=0C,
TCOR(242¥=CX
TCOR{3,2)=58X
TCOR(1,3)=58Y
TCOR(243 )==SX*%CY '
TCORI3,43)=CY*CX

COMPUTE TIP PATH ANGLE FROM APPROXIMATE EQUATIONS OF MOTION OF
RIGID, SPRING-HINGED BLADE.

MBETR=3

DO 15 M=1,NROT
RO=RZERD{(M)
CHORD{MY=CHCRD{M) /RREF
PSI(M)=0,
ALPHAL=ALFA1(M)
ALPHAZ=ALFAZM)
AS=ALFAS{M)
F=CHORDI{M]}
D=DELTA(M)
NBETC=M
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NCALBR=0 .

IF (NCALB.EQ.1) CALL BETAS

IFf (NCALB,FQ.0N)
1IREAD (5,901) BETA(1 ,M),BETA{2M),BETA{3,M),AD0{M),AR(M)
ALFAT{M)=ALFASIM)-BETA(3,M)

MUSDS {M) =MyDP*S IN{ALFAS(M))

MUCDSIM) =MUDP*COSLALFASIM))

CCLA(M )= LS*CHORD (M) *CLA

SINB3=SIN(BETA(3,1))

COSB3=COS{RETA(3,1]})

PRINT OUT INPUT AND CONTROL CONSTANTS
WRITE (QUT,8R82)INPTS,MJ,EPSG,yPHO,RREF,RO,0M,V,CLA,ABK

WRITE(QUT,8883) (ALFALI{(I ), I=1,NROT),{ THTAY(1),1=1,NROT),

1 (ALFA2(1),I=1,NROT), { BETA(3,1),I=1,NROT),

2 { BETA{1,1)y1=1,NROT )y { THTAX(I)yI=1,NROT}
WRITE(OUT,8889){RZERDO{I ), I=1,NROT),{DELTAII},I=1,NROT),

1 { DIR{TY),I=1,NRDOT )y { PSIRII),I=1,NROT) '

2 { AR{T},I=14NROT),

1 ( CHORD{T), I=1,NROT Y}, ( ALFAS{I),I=1,NROT)
WRITE{DUT,8887)( AO(I) s I=14 NROTY, { XROT{I), I=1,NROT ),

1 { YROTLI),71=1,NROT) ’

2 (BFTA(2, 1) I=14NROT), {ZROT(I),I=1,NROT)

WRITE{OUT,8890) TM,Ty,NEL,VDT,RC,CAPPHI,AQyAZ YR, IR,RP,IVAR
19 NRCyNWKRQ s WWyNUWKP T gy NTUMyNANRM, NUUMXYZ 4 SGRATO,VOOMR

8890 FORMATI(/1X, 19OHMAMEUVER PARAMFTFERS,,// 6X,4HTM =,

10

19(Fl0.TV/ 6XgaHTVY =43F10.T4/ SXH5HDEL =,F10,77 5X:5HVDT =,F1
20677 6X94HRC =, F10C. 7/ 2X28HCAPPHI =,F10.7/ 6X+4HAQ =,F10,7/ 6X,4HA
37 =3F1D.77 6X34HYR =43F10.7/ 6Xe4HIR =,F10.7/ 6Xs4HRP =,F10.7/ 4X,
46HIVAR =,15// ‘
5 5X915HPROGRAM CONTROL/

6 SX4S5HNBC =,15/ 3X,THNWKRQ =515/ 6Xs4HWW =,15/2X,8HNUWKPT =15/4X,6
THNTVYM =515/ 33X, THNANRM =,157 2X, BHNUMXYZ =,15/ 2X,8HSGRATO =,F1C.7
B/ 33X, THVODOMR =,F1N.7/)

WRITE (0UT8884) NAJTCNR{1,1) sTCOR{1,2),TCOR{1,3),TCOR{2,1),

1 TCOR(242)TCOR{2:+2),NIB, TCOR(3, 1}, TCOR{3,2),TCOR(3,3),WKPT,
2 NREVIT(L1 913 sTU1 9233711 93),TU251)4T(242)4T{2,31,NROT,T{3,1),

3 TU3,2)9T13,3),NTY

WRITE (DUT,8885) (RCAP{1,1Ix), IX=1,NTV)

IF (NROT.FQ.2)

IWRITE {(0UT,8886) (RCAP{2,IX), IX=1,NTV)

WRITE(6,30)

WRITE {QUT,9875){ (AFM{I 4J) 3 Jd=14NTYMP2)} ,1=1,NTVM)

WRITE(6,31) '

WRITE {(BUT 0875 {(RFMIT4J) g J=1,NTVI),I=1,NTVM)

WRTITEL16,32)

WRITE (QUT,9875) (VLIM{I)yI=1,NTV),{VMLIM(]),I=1,NIBRVM),GAMFAC
WPTITEADUT 33 INALTM,ELTIM



OO

OO0

e NaNe]

WRITE (OUT,35) NAA,LSWW

IF (NUMXYZ.GT.0) WRITE (OUT,9875) {ZSTOR(I) ,I=1,NUMXYZ)

DIMENSTOMALIZATION FACTORS
LOAD RHO*OM*OM %R %% 3

R11=RREF*RRFF*RREF
DFLON=RHO%*0OMSQ *R11,

CONSTANTS USED 7O CONTROL PROGRaAM,

NJ=NIBENROTHNTY
MAR=NA*XNREY
NGJI=NIB*NTVI
NGJR=NGJ*NROT
NIBY=NIBXNTYV
NIRRV=NIBYVHNROT
NIBM=NIB®NTVM
NBRVI=NIBRV+1
NAS=?

NLP1I=NROT
NLP2=NIB
NLP3=NTV

. NWKPD=0

NPER=1
NR=NTV1%NROT
NANR=NA%NR
NIBNA=NA/NIB
NWSTRE=?
NWR=NA%NREY
LRGWKS=1
NRATIO=NAA/NA

CONSTANTS USED TO CONTROL ARRAY SIZES

NNTV=44
NEXPWK=5
NSIGRW=44
NWKRW=11
NWKCL M=44
NMODR =54
NMODC=16
NNROT=1
NNTVM=11
NTYMX =4

COMPUTE LENGTHS FNR USE IN MODIFIED WAKE

NO 3 I=1,NTVM



12

13

22

200

18

DO 3 J=1,NIBRVM

XM{TyJ1=0,

YM(I;J)=0.

IM(14J)=0.

N1=NIB*NTVM

KK=0

N0 10 M=1,NROT :
CALL MADRM (NTV,NTVYM, RCAP ,RMODN, AFMyNNROT o NNTVM,NTVMX 4 My NWKRW)
DO 5 JJ=1,NTV™

KK=KK+1

ELL{KK)=RMND(JJ ) *DP ST /RREF
VLLIKK)=ELIM®ELL (KK)

N3=(M-1)*N]

N2=N14+N3

N3=NTVM+1 +N3

DO 10 JJ=N3,N2

KK=KK 41

ELL(KK) =ELLLKK-NT V™)

VLL(KKY=EL IM*FLLIKK)

WRITE (6,34)

WRITE (0OUT,9875) {VLL(I}yI=1,NIBRVM)

INIT FDOP WAKE CALCULATIONS

IF ANWKRD.EQ.?) GO TO 20

NWKCL=1

NWKLST=0

DO 13 I=1,NUWKPT

NWKLS T=NWKLST+1

IF INWKLST.LE NWKRW) GO TO 13

NWKLST=1

NWKCL=NWKCL+1

READ {INs90T) WKX(NWKLSToNWKCL) s WKYINWKLST NWKCL) yWKZ I{NWKLST,
1NWKCL)

IF INWKCLEQel) NWKRW=NWKLST

IF (NWKLST.EQ.NWKRW,ORJNWKCL.EQ.1) GO TO 200
NXX=NWKLST+1

DO 22 TI=NXX,NWKRW

WKX{T o NWKCL ¥=0,

WKY{T oNWKCL) =02,

WKZ (T 4NWKCLY=0,

CALL MPRECT (NWKX 3WKX ¢NWKRY JNWKCL yNEXPWK s NWKCLM)
CALL MPRECT (NWKY sWKY ¢NWKRW  MWKCL yNEXPWKy NWKCLM)
CALL MPRECT (NWKZ,WKZ JNWKRW NWKCL  NEXPWKNWKCLM)
DO 18 I=1,NWKRY

DO 18 J=1,NWKCL

VXX{IsJ)=0.

VI{I,J)=0.

PERFORM A STEP



20 NAS1=Q
NW=1
[r=1
WKPT=3
RETURN
END

13



SUBROUTINE WK1

INTEGER OQUT,WKPT,CNTR

INTEGER T45,WW ;

REAL MXYZ ,MU,MUALT,MUSPKyMUCAT MUSAT ,MUDP,MUSDPLINTH,LNTH;LOADN,
LLTMPLLSQ oMYy MY 4 MZ ,MUCDOP 4MUSDS yMUCDS y IOy MB oL X3 KXX

14

DIMENSINN
DIMENSION
D IMENS ION
DIMENSION
DIMENSION
DIMENSION
D IMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSINN
DIMENSION
DIMENSION
DIMENS ION
DIMENSTON
DIMENSINN
D IMENS TN
NIMENSTUN
DIMENSION
DIMENSION
DIMENSLON
DIMENSTON
TEMENSICN
DIMENSION
D IMENS TON
DIMENSION
'DIMENSION
DIMENSTON
DIMENSION
DIMENSTON
NIMENSICN
DIMENSION
DIMENSION
DIMENSION
DTIMENSION
DIMENSEON
DIMENSTON
DIMENSION
DIMENSTON
DIMENSTIN
DIMENS (34
DIMENSI Y

A(D5,44)
ALFAL(O1)
ALFA2(01)
ALFAS(O1)
ALFAT(01)
ALPHAQ(D1)
ALPHAR(N1)
AD(D1)
AR(OL)
B(0O0S5,40)
BETA(03,1)
C(n9)
CCLALNY)
CHORD(N 1)
NELTA(D1)
DIR(1)
DNTH(011,040)
GAMMA(NS,040)
10(71)
KXX{01)
LNTH(05,44)
LX(01)
MB{O1)
MUCDS (1)
MUSDS (1)
NPST(1)
PSI(1)
PSIR(N1)
R{11)
RBAR(N4Q)
RCAP(D1,11)
RSMLL(O1,44)
RZERN(1)
T(N3,0n3)
TCOR{N3,03)
THTAX(C1)
THTAY(N1)
TR(N9)
VI(91,01)
VX(N5,44)
VY {05, 44)
VI(N5,44)
WKX(0L1,01)
WKY (D1 ,01)



(9]

OO0

9876

21

CIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICON
DIMENSION

WKZ{31,01)
X{05444)
XROT{01)
xXx{oy)
Y{05,44)
YROT{(O1)
2{05,44)
ZAP(40)
ZROT(D1)
ISTOR(8ON)

COMMON /BETA3/0M,0OMSQ AN, AR 4V 4RHO,MU

COMMON /WKQ/ NUMXYZ

COMMON /ZCNTRL/ NIS

COMMON /TEST33/ NIB,NROT,NWNBRVLyXsYeZsAyByDNTH,LNTHINARJNPER,
LISIGT osNWMK s JINWMI yNIBV, VX VY VZ,NIBRY

COMMON /TESTS5/ JL,yJSTGyNTV,NTV1 ,MyDPST,CHORN,RSMLL yRCAP,GAMMA,QS7

COMMON /WAKEL/ VOOMR,NUWKPT VI 9 WKXy WKY,WKZ,C0SR3,5SINB3,NAS],
INTIBNAyNWKLST g NWKRUWy NWKCLy NLPL JNLP2,NLP3,NLP4, TWOPT

COMMON
COMMDN
COMMON
COMMON
COMMON
COMMON
COMMON
C OMMON

JCONT/ NAJNR NANR ¢ JA s JJ9yNNyN,,SIGN,TTyNGJIR

/BETAL/BET A, MRETRINBETC,PI,DyUsFyAS,ALPHAL,ALPHAZ2,RD
THKLA/ PSIRDPSIK,yPSIKIDELTAZRREF, MUCDS yMUSDS , THTAX,THTAY
/WK1B/ XROT,YROTLZROT, TCOR,ALFATHALFALl,ALFA?

/WKIC/ PST,CCLALDIR

/SUBIC/ RyC,HDTWAPI

/APXLDA/ RBAR

/7857 ISTOR

FORMAT (1HD, T14/7(8{1X+G14,7)))

COMPUTATIONS FOR REFERENCE ROTOR

COIMPUTE BLADE POINTS FOR Il=1l,
BLADE.

WAKE POINTS FOR I1=2, FOR FACH

DUT=6

NZS=0

TI=11+1

J=0

DO 28 K=1,NIB
PSIK={K-1)*NPSIK
WORK1=PST(1)+PSIK
SINPK=SIN{WORKY)
COSPK=COS{WORKL)
BK=BETA{Ll,1)+BRETAL2,]1 })*SINPK+BETA(3, 1}%xCOSPK
COSBK=COS(BK)
SINBK=SIN(BK)

15



OO0

16

25

27

23

29
30

DN 28 I=1,NTV

J=J+1

NZS=NZS5+1
RSCRP={RCAP(],I)-DELTA(L))/RREF
RSMAL=DELTA{1}/RREF+RSCRP*CDSBK
RSMLL{1,J)=RSMAL
X{I1sJ)=RSMALXOSPK
Y{II+J)=RSMAL*STNPK
Z{IT,J)=RSCRP*STNRK

IF (NIMXYZ.GTR) 7{1I1,J)=ZSTORINZS)
IF {I1.EQ.1) GO TO 28
X{25J)=X{2,J)+MUCDSI1)
1(2,3¥=2(2,0)+MUSDS(1)

IF (NUMXYZ.GT.0) 7(2,J43=1STCRINZS)
CONTINUE

COMPUTATION FOR ADDITIONAL ROTORS

ANGLES MUST BE IN RADIANS,” EITHFR RFAD RADIANS OR CONVERTED
FRCOM DEGREES. T{I,J4) IS COORNINATE TRANSFORMATION MATRIX
FOR MTH RQOTOR,

IF {NROT.LF.1Y GO T 5%

DO 39 M=2 NROT

Cy=COS(THTAY{M))
CX=COS{THTAX{M))
SY=SIN{THTAY{M))
SX=SIN(THTAX{M}}

T{1+1)=CY

T{241)=0,

T(3,1)=8Y

T{1,23}=5Y%5X

T{24+2)=CX

T(342)=-8SX*CY

T{1s3)=-SY*CX

T{2,3)=5X

T(3,3)=CY%CX

DO 39 K=1,NIB
PSIK=PSIRI{M)+{K~1)%DPSIK
COSPK=COS{PSI{M)+PSIK)
SINPK=SIN{PSTI{M)}+PSIK)
BK=BETA(1 yM)+BETA{2,M)*SINPK+BETA{(3,M)*COSPK
COSBK=CDS{BK)

SINBK=SIN(BK)

D3 39 I=1,NTV

J=J+1

NZS=NZS+1

RSCRP=(RCAP{M, I}~-DELTA{M})/RREF
RSMAL=DELTA(M)/RREF+RSCRP*COSBK
RSMLL(2,J)=RSMAL
C{1)=RSMAL*CNOSPK



YL O

OO

YN OY

32

34

39

50
51

C{2)=RSMAL*SINPK
C{3)=RSCRPAESINBK

COMPUTE POSITION NOF MTH ROTDR IN CNORDINATE SYSTEM OF ROTOR 1

TR{1}=XROT(M)
TR{2)=YRNT{M)
TR{3I}=ZROT (M)

NO 32 L=1,3

DO 32 4J=1,3
TRILY=TR{LI+THL,,JJI%C(II)
X{I11,J}=0.

V(II,J)=00

{11, 3)1=",

COMPUITE BLADE POINTS FOR II=1, WAKE POINTS FOR- II=2, FOR
EACH BLADF,

DO 34 L=1,3
X(I1od)=X{T1,J)4TCOR(LI,LI%TR(L)
Y{IT ) =Y(II,JY+TCOR{2,L)%TR(L)
ZATT4d)=7(T1, 33+ TCOR{3,L)*TR(L)

IF (NUMXYZ.GT.n) Z411,4)=ZSTARINZS)
CONTINUE

IF (II.LE.1) GO TO 39
X(253)=X{25J)+MUCDS(M)
202,J)=7{2,J)+MUSDS{M)

IF (NUMXYZ,.GT.0) Z{02,J)=ZSTOR{NZS)
CONTINUE '

DEFINE CIRRCULATIONS BY CALCULATION GR READ FROM CARDS, TAPE.

J=0

JJ=0

IF (NUMXYZGToC) WRITE (6,9876) {ZUIT4JH)sJH=14NIRRY)
DO 60 M=1,NROT '
MUALT=MUXALFAT(M)

DO 60 K=1,NIB

PSIK={K-1)*DPSIK+PSIR{M)+PSTI(M)

SINPK=SIN{PSIK)

COSPK=COS{PSIK)
BK=BETA{1M)+BETA(2,M)}*STNPK+BETA(3,M})*COSPK
COSBK=COS{8BK)
ALEBR=AD(M) +ALFAL{M) XSINPK+ALFA2{M) *COSPK

MUS PK=My* STNPK

DO 69 I=1,NTV1

Jd=JJ4+1
RSMAL={DELTA(M)+{RCAP (M, T }~DELTA(M) }*COSBK)/RREF
RBAR{JJ)=RSMAL+ ,5*(RCAP{M, I +11-RCAP{M,1))*COSBK/RREF
ALFBR=ALFBR=-AR(M)*RBAR(JJ)

17



e Nelsl

18

60

70

12

73

GAMMALTIT, JJ)=COCLAMM )IX{ALFBR*{RBAR(JJ ) +MUSPK*D TR (M) )+MUALT)

CONTINUE

ENTER TYPICAL AZIMUTHAL STEP COMPUTATICN

IF {1I.67.1) GO T0O 72

CALL
CALL
CALL
CALL
CALL
CALL

OVERL AY
OVERL AY
OVERLAY
OVERLAY
OVERLAY
OVER(AY

GO TO 21

11=0

NW=NW+1
DO 73 M=1,NROT

PSI{MY=PSI(M)+DPSI*NIR(M)
GO 10O 21

END

{SLWKDOVL 93406HRECALL)
{SLWKOVL 9440 ,6HRECALL)
{SLWKOVL +590.6HRECALL)
{SLWKDOVL 4643246 BRECALL)
{S5LWKDVL +7 40 +6HRECALL)
(SLWKOVL 408,04 6HRECALL)



10
15
20
30

40
45

60

80
85
90

100
105

260
270
130
140
150
160
170
200

210
220
230
250

310

330
349
350
355
367
370

380
2599
400

SUBROUT INE MATINV
DIMENSION A{040,040)
DIMENSION RIC40,1)
DIMENSION INPEX(40,3)
COMMON /BETAZ2/A 4B 4NyMDETERM
EQUIVALENCE {AMA X, Ty, SWAP)
INITIALIZATION
DETERM=1,
DO 20 J=1,N
INDEX(J,3)=0,
N0 550 1=1,N
SEARCH FOR PIVOT ELEMENT
AMAX=0,
DO 1085 J=1,N
IFUINDEX{J,3)-1160,105,60
DD 100 K=1,4N
IF (INDEX{K,3)=-1) 80,100,715
IF (AMAX-ABS{A{J,K}Y)) 85,100,100
IROW=.}
ICOLUM=K
AMAX=ABS{A(J,K))
CONTINUE
CONTINUE
INDEX{ICOLUM,3)=INNEXC(ICOLUM,3)+1
INDEX{1I,1)=IRDW
INDEX{1I,2)=ICOLUMW
If (TROW-ICOLUMY 140,310,140
NDETERM==DETEKM
no 200 L=1,N
SWAP=A(IROWsL)
A{IROW,LY=ALTICOLUM, )
A(ICOLUM, L)=SHAP
IF (M) 310,310,210
DO 25N L=1,M
SWAP=B{TRNDW,L)
B{IRDOW,L)=B{1COLUM, L}
BOICOLUM,L)I=SHAP
DIVIDE PIVOT ROW BY PIVOT ELEMENT
PIVOT=A{ICOLUMLICNL UM}
DETERM=DETERM%*PIVOT
A{ICOLUM, ICNLUM)Y=T,
DO 350 L=1,N
ATTICOLUM,L)=ALTICOLUM, L) /PIVOT
IF (M) 38Nn,380,3AN
DO 370 L=1,M
BLICOLUM, L)=B{ICOLUM, L} /PIVOT
RENUCE NNM~PIVOT ROUS
DO 550 L1=1,N
IF {(L1~-ICOLUM) 400,550,400
T=A{L1,I1COLUM)

19



429
430
450
455
460
500
550
715
740

A{L1,ICOLUM) =,

DO 450 L=1,N

ALYy L)=A(LY,y LI-ACTICOLUM, L) *T
IF (M) 550,550,467

DO SC0 L=1.M
BOLLoL)=BLLT,L)-BITCOLUM, L ) *T
CONTINUE

{D=2

RETURN

END



1

12

SUBROUTINE MPRECT (NI +ReLoM,LDyMD)
REAL R{LD,MD)

DIMENSION N{(B, 246}

L1=L-1

IF({M,LT.18) K=3

IF(K.GT.L1}60 TO 12

D0 10 I=K,L1

00 10 J=1,M

N{IsJ)=1000.%R{1,.3)
WRITE(IDT (NI J} 1=Kyl 1} ,J0=14M}
CONTINUE

J1=0

J2=0

JSEC=0

Ji=J2+%1

JZ2=J1415

IF(JZ2.LE.MIGO TO 2

JZ2=M

JSEC=JSEC+]

WRITE£6,3)INTJSEC

FORMAT (1HD, A4 1X 6HMATRIX, 8Xy THSFUTION,I2)
WARITE(6+4)Y(I,1=41,42)
FORMATI{2X,3HRMIW, 1641517/

DO S5 I=1,L

WRITE{(6,6)YI4(RUT,K) K=d1,J2)
FORMAT(I444Xs16FT,.2)
TF{J2.LT.MIGD TCO 1

RETURN

END

21



1000

OO

10

SUBROUTINE MANEUV (V,0M,ZNA,RREF, SINALS,COSALS)

DIMENSION SDEL(9) 4RDEL(3) ,SPHI(9),RPHI(3),CAA(9),RALPHA(3]),

1 SW{9}4RW(3)

C OMMON /7MUVXYZ/ SCEL,RDEL ,DEL VDT ,RC,CAPPHI,ASyAR,YR,ZR4RP, IVAR

EQUIVALENCE (SDEL{(1)}2SPHITY1),CAA(L)+SW(L)),
1 ' (RDEL (1) 4RPHI {1 ) RALPHA( L) yRW(1}),
2 } (DEL,DELT,AA,UWDT)

DATA G4yP1/32,293.141593/

WRITE(6,10C0)

FORMATI(2X, 19HMAVEUVER INPUT DATA)
TWP INA=2 . ¥PI/INA

OMRREF=0M*RREF

READ(5,6)IVAR

GO TO 110+20+30,40,40), IVAR

STEADY TURNS

READ (5,1720) DELDOT,RCyFeAS
WRITE(6,1001) DELDOTLRC,FHAS

1001 FDRMAT(2X, 15HTURN DELDOT =4614.4,6H RC =4614,495H F =,Gl4b.4,6H

Ao

11

1 AS =,G14.4)
TFIRCNELDLIDELDOT=V/RC
[FINDELDOT L NFL.0.)IRC=V/DELDQOT
[F{F.EQ.D.)G0 TO 11
DELDOT=G*SQRT {F2%x2-1,)/V
RC=Vx%2/(G*SQRT{F*%2~1,))
DEL=DELDODT*2 ,*PT1/ {ZNA*OM)
CAPPHI=ATAN(VX*%2/ (RC*G})
RC=RC/RREF
CALL TURN (RDEL ,SCEL,DELyRC,CAPPHI,AS)
GO 10 5

STEADY ROLLS

20 RFAD {5,100) AR,DEL,YR,ZR

WRITE(6,1002) AR ,DFL,YRyIR

1C02 FORMATI{2X,11HROLL AR =4G1l4.44+7H DNEL =4Gl4.4,6H

22

17R =,G14.4)

NDELT=DEL*2 ,*PI/(ZNAX]M)
VDT=V*{( 2, %P /{ZNAXOM) )

YR=YR/RREF

LR=IR /RREF

VDT=VDT/RREF

CALL ROLL(RPHI,SPHIARsDELT,YR4,ZR,VDT)
G0 10 5

YR =4G1&e4,6H



YOO

Oo0n

30

1003

40

1004

100

SYMETRICAL PULL-UPS

READ (5,100) AA,RP
WRITE{5,1003} AA,RP

FORMAT({2X, 2SHSYMMETRICAL PULL-UP AA =,Gl4.4,6H RP =,G14.4)

AA=AA%X2 kPT/{ZNA%(OM)
RP=RP/RREF

CALL SUMPUP{RALPHA,CAAsAAWRP)
GO 10 5

STEADY CLIMB OR STFADY FORWARD FLIGHT

READ (5,100) W

WRITE{6,1004) W ,
FORMAT(2X,10HCLIMB W =,G14.4)
VDT={V%COSALS~-W*SINALS) *TWP INA/OMRREF
WOT={ VXSINALS+WHCOSALS)XTWP INA/OMRREF
CALL STYCLB{RW,SW VDT WDT)

RETURN

FORMAT {33X,11)

FARMAT{ 28X ,611,7)

END

23



O

SUBROUTINFE TURN (RNEL ,SDEL, DEL+RC,CAPPHI,AS)

DIMENSTION AAS(9) 4 TDEL(9),DDEL (D), AASINVII)yTZOINVIG),SDEL(O),
1 RDEL{3),TZERD(9) ,ASALS)

€C0SAS=C0OS{AS)
SINAS=SIN(AS) .
COSDEL=COS{DEL)
SINDEL=SITN(DEL)
CSCPHI=COSICAPPHI)
SNCPHI=SINICAPPHT )
AAS{1Y=COSAS
AAS(2)=C.
AAS{3}=5INAS
AAS(5)=1,
AAST{7)=~SINAS
AAS(3)=0,
AAS{9)=COSAS
TDEL{1)=COSDEL
TOFL{2)=STNDFL
TDEL{3)=0.
TDEL{4)=~-SINDEL
TDEL(5)=COSDEL
TDELIS)Y=D,
TDEL(T)=9.
TNELIB)Y=0,
TDEL(9Y=1.
DDEL{1)=SINDEL
DDELI2)=1,-COSDEL
DDEL{3Y=D.,
AASINV(1)=CDSAS
AASINV{2)=0.
AASINV{3)=-STINAS
AASINV(4) =0,
AASINV(5)=1.
AASINV{6)=0C,
AASINV{T)=SINAS
AASINVI{B)}=0,
AASINVIG)=COSAS
TZERO{1) =1,
TZERD(2)=0,
TZERC{3) =0,
TIFRN{4}=0,
TZERD(5) =CSCPHI
TZERO{(6)=SNCPHI
TZERO(T7)=0,
TZERO{8)=-SNCPHI
TZERO(9)=CSCPHI



TININV(li=1,
TZI0INV(2)=0,
TZOINV{(3)=C.
TZOINVI4)=C,
TIOINV(5)=CSCPHI
TININVI6) =-SNCPHI
TZOINVIT)=0C,
TININV{8)=SNCPHI
TZOINV{9)=CSCPHI

CALL
caLL
CALL
CALL
CALL
CALL

GMPRD (AAS,TZERD485A8,3+93935949,9)
GMPRD {ASA,DDFLyRDEL+3+3+1+959,3)
SMPY (RDEL 4RC,3,41,3)

GMPRD (ASA,TDEL 9AAS+343+43,999,9)
GMPRD (AAS,T70INV,TDEL $3,53,+3,9:9,9)
GMPRD (TDEL, AASINVSDEL 9393434999,9}

RETURN

END

25



SUBROUTINE ROLL (RPHI,SPHI, AR,DELT,YR,ZR,VDT)

DIMENSION 8MAT(9),BINV(9),PHII(Q),PHIZ(Q),SPHI(9)7RVECT(B)i
1 RPHI{3),AS5V(9) .

SINPHI=SINI{DELT)
COSPHI=COSIDELT)Y
ONEPHI=1.-C0SPHI
SINAR=SIN{AR)
COSAR=COS(AR)
BMAT{1)=COSAR
BMAT{2)=0.
BMAT{3)=-5INAR
BMAT(4)=0,
BMAT{5)=1,
BMAT(6)=0.
BMAT{T7)=SINAR
BMAT{9)}=C0OSAR
BINV(1}=COSAP
BINV{2)=0,
BINV{32)=STNAR
BINV{&)=1,
BINV(S)=1,
BINVI6) =D,
BINV{7)==SINAR
BINV(8)=0,
BINV{9)=COSAR
PHI1(1)=1,
PHI1(2)=0,
PHIY1{3)=D,
PHIL1{4)=0,
PHIL{S)=COSPH]
PHI1{6)=SINPHI
PHIL(7)=0,
PHIT(B8)=-5INPHI
PHI1{9)=CNSPHI
PHIZ2{1}=1,
PHIZ{2)=0,
PHI213)=0D.
PHIZ2(4)=D.,
PHIZ2{(5¥=0NEPH]
PHIZ2{ 6)=-SINPHI
PHIZ2(7)=0.
DHI2{8)=SINPHI
PHIZ2{(9)=0NEPHI
RVECT(1)=VDT
RVECT{2)=YR
RVECTI3)=1P
CALL GMPRD (BMAT,PHI2,ASV$343:93,9,9+99)



CALL GMPRD (ASVoRVECT yRPHI 13935199,3,3)
CALL GMPRD (BMAT,PHI1,ASV3,3,3,9,9,9)

CALL GMPRD {(ASV,BINV,SPHI43,3,3,959,9)
RETURN

END
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SUBROQUTINE SUMPUP {RAILPHA,CAALAA,LRP)

DIMENSION CAR{9) RAL PHA(3Y

SINAA=STIN{AA}
COSAA=COST AR}
RALPHAI 1) =SINAA*RP
RALPHALZ)=0.
RALPHA(3I=(1.-COSAAY*RP
CAA{1)=COSAA
CAA{2)=0.
CAA(3)=SINAA
CAA{4)=0.
CAAM[S)=1.
CAA(6Y=0,

CAA{T )=-SINAA
CAA(B)=n.
CAA{9)=COSAA
RFTURN

END



O

1o

SUBRNUTINE GMPRD {AgByRHyNy ML M1,M2,M3)

DIMENSION A(M1) ,B(M2),R{M3])

IR=0

ITK==-M

DO 10 K=1,1L
IK=TK+M

DO 10 J=1,N
IR=IR#}
JI=J-N
I8=1IK
R{IR}=0,

D0 19 I=14M
JI=JI+N
IB=18+1
RITRYI=R{IR)+A(JITV*B{R)
RETURN

END

29
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SUBROUTINE SMPY {A,C,NyM,MX)
DIMENSTON A{MX)

NM=N*M

DO 1 I=1,NM
A(1)=A(T)*C
RETURN

END



SUBROUTINE STYCLB(RW,SW,VDT,WDT)
DIMENSION RW{3) ,SW{9)

RW{1)=VDT
RMHZ)=0.
RWAI3)=-UWDT
SN(I)=1.
SW(2}=0.
SW{3)=0.
SWi4) =0,
SW{s)=1.
SWi{sI=0,
SWIT7)=0,
Swigi=n,
Squ;:] .
RETURN
END
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SUPROUTINE BETAS
THE INPUTS T THIS SURROUTINE ARE COMMON TO OTHER SUBRDUTINES
RFEAL" MUyMU2 yMU4 yMBDXR ¢MB ,MAN, | 4 MO1,MD2 ,MBB,KIMI0,K2M10,M11,M12,

1M13,M20,M20C,M22D4M115,10,5K

DIMENSION AQ(21)

DIMENSION AR(O1)

DIMENSION BETA(3,1)

DIMENSION D3(09)

DIMENSION D33{040,040)

DIMENSION XBETALQ40)

CNMMON /BETA1/BETA,MBETR,NBETC,PI,D,R,CyAS ALPHALl,ALPHAZ,RD
MBETR = NUMBER COF BETA ROWS
NBETC = NUMRER DF BETA CCLUMNS

COMMON /BETA2/D33,XBETA yNyM,DETERM
COMMON,BETA2 CONTAINS THOSE VARTABLES USED By MATINVY

COMMON fBETAZ/0M,0MSQ,AQ, AR,V 4RHN MU

EQUIVALENCE (D33(1,1),03(1))

BLADE RIGID BNODY CALCULATIONS FOR BLADE WAKT AND ESTIMATED LOADS

THE RIGID BNDY BLADE FLAPPING MOTIONS ARE GIVEM RY RETA(OQMEGA*T),
WHERE BETA(DMEGA®T )=BETA{1)+RETA(2)*SIN(OMEGAXT ) +BETA3*COST
OMEGA*T) OR STNCE PST=0OMEGA*T,..
BETA{PSI)=BETA{L)+RFTA(2)*xSIN{PSI)}+BETA(3)*SIN(PST)
PSI=0MFGA%XT=0Q AT THE X-AXIS

THE BETA(1), BETA{2), BETA(3) ARE DEFINED BRY THE EQUATION WHERE
THE MATRIX OF COEFFICIENTS POST-MULTIPLIED BY THE BETA COLUMN
VECTOR = THE COLUMN VECTOR{MOO M0O1,M02)

ALPHA BLADE SECTION ANGLE OF ATTACK, RADIANS

AQ+ARAR+ AL PHATXSIN({OMT) +ALPHA2*COS{OMT)

ALPHAD = GEOMETRIC ANGLE OF ATTACK AT BLADE ROOT, RADIANS

ALPHAR = TOTAL DECREASE IN ANGLE OF ATTACK TOTAL BLADE TWIST
ANGLE, RADIANS

ALPHALl = AMPLITUDE OF LATERAL CYCLIC PITCHy RADIANS

ALPHA2 = AMPLITUDFE OF LONGITUDINAL CYCLIC PITCH, RADIANS

AS = SHAFT TILT, PDSITIVFE AFT, RADIANS

CHORD, FEET

OFFSET OF HINGE FROM CENTER OF ROTATION, FEET

0 = MASS MOMENT CF INERTIA OF BLADE ABOUT THE BLADE HINGE, FT-LB

~SEC2/RAD

SPRING STIFFNESS, FT-LB/RAD

LIFT OR TRUST OF ROTDR

= BLADE MASS, LB-SEC2/FT

GA = OM = ROTATIONAL RATE OF ROTOR, RAD/SEC

= ROTOR RADIUS, FEET

HO = AIR MASS DOENSITY, LB-SEC2/FT4

RO = BLADE RONOT RADIUS, FFET

V= FORWARD VELOCITY, FT/SEC

XB = DISTANCF FROM HINGE TO BLADE MASS CENTER, FEET

(I}

c
D
{

[}

B
oM

N

READ (541) KoIOsMB ,XByALPHAO, ALPHAR,L,R
FORMAT (29X4E10.8)
RX=R~R0O



ADINBETC)I=ALPHAN+ALPHARXRN/RY
AR(INBETC)=ALPHAR/RX

VOM=y*0M

VV=V*®V

RORO=RO*R0

RORORNO=RORO*RQ

RO4=RORORO*RD

RR=R%*R

RRR=RR*R

RRRR=RRR %R

AlAS=ALPHAYI+AS

MU2=MUxMU

MU4=MU2%EMU?

PIROCL=PI*RPHOXC
R1=PIROCL*{R~-RN})
R2=PIROCL*{RR~-RORO)/2.
R3=PIRDCL*{RRR-RORORN)Y/3,
R4=PIROCL%*(RRRR-RO4} /&,
RE5=PIRDCL*{RRRR*R-RO4G%RN) /5,
R2DR1=R2-D%*R1

R3DR2=R3-D*R2

R4DR3=R4&-D%*R3

MBROXR=MBRXD%XXB

C2=C#%.5
CT=L/(PIRRHN*XOMSO*RRRR)

Wi= SQRTLCT*CT+MU4)

IF (WI.LT,MY?) STOP
WI=0MER%{ ,54%SORTI{WI-MU2))
RX=VYV%,5

Al1=A0{NBETC)

A2=AR{NBET(C)

MOO=R2DR 1 *Rx*Al +RIADR2F{VOMEATAS-OM*WI~-A2%RX J+R4DRA%XOMSQ*A1~-RS
1X0OMSQ*A2

MO1=R2DR 1% (. TS5 VVXAL PHAL=-VXWI +VV*AS) +RIDR2XVOMEAT*2  +R4DRI* (OMS Q%
1ALPHAL -2 (% 0OM%A2 %V )
MO2=(R2DR1*¥YV*k, 25+R4DRI*NMS Q) *AL PHA2
MBB=MBDXB~R3DR2*%(C2
KiIM10=K+OMSQ*{TO+MRB)
K2M]10=K1M10-0MSQ%1I0
M11=R2DR1*%VOM*C?2
M12=-RADRZ2%VY(M
M13=-R2DR1%RX

M20=-R4DRI¥OM

RX1=M20%0M

M20C=RX1+RX

M20D=RX1-RX

M115=M11%,5

D33(1,1)=KIMLD

D33(2+1)=-M11
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D33(3,1)=-M12
D33(142)=~M115
D33{2+2)=K2M10
D33(3,2)=-M20C
D33{1,3)=0.
N33(2,43)=M20D
D33(3,3)=K2M10
XBETA(1)=M0Q
XBETA(2)=MQ1
XBETA(31=M02
N=3

M=1

CALL MATINV

DO 2 I=1,MBETR
BETA({ I ,NBETC)=XBFTA(I)
RETURN

END



10

SUBROUTINE MODRM (NTV,NTVM,RCAP4RMOD, AFM, NNROToNNTVM, NTVMXyMNWKR)
DIMENSION RCAP{NNROT, NWKR 1} 4RMODINWKR 3y AFMINTYMX,NNTVM)

DO 10 LM=1,NTVM
RMOD(LM)=0.

DO 10 L=1,NTV

N=L+NTVR(M=1) ,
RMOD(LM) =AFM(LM,N)%*RCAP (M,L ) +RMOD(LM)
RETURN | |
END

35



SUBRQUTINE GMS {1 NROT,NIB,NTVM,BFM, GAMMA, GAMMAM,NTVM]I,NANR sNGJR,
1 NMODR,NMODC)H :
DIMENSION BFMI4,17) '
DIMENSTON GAMMA(S5,40)

DIMENSION GAMMAM(NMODR,NMODC)

IM2=1-1

IM1=1

DO 10 M=1,NROT

MM1=M-1

NIBMM1=NIR*MM]

DN 10 K=1,NIR

KMl=K-1

KNIBM=KM1+NIRMM]

NTVMK=NTYM*KNIRM

NTVK=NTVM1*KNIBM

DO 10 £4=1,NTVM

JM=L MENTYMK

GAMMAMET ML, M) =0,

No 10 L=14NTV¥M1

J=L#NTVK

GAMMAM{ T M1 ,0M)=~BFMILM, L)*GAMMA({INZ , J)
1 +GAMMAM{ IM1, M)

10 CONTINUE
RETURN
END



GO,

SURRQUTINE MODCOR (NROT o NIB yNTV NTVM XYy Z 9 XMy YM, ZM, AFM,NANV ,NBNT,
INWM, T yNVM2) :

DIMENSION AFM(4,11)

DIMENSION X(NANV,NBNT)

DIMENSION XM{NWM NVM2)

DIMENSION Y{NANV,NBNT)

DIMENSION YM{NWM,NVM2)

DIMENSION Z{NANV,NBNT)

DIMENSION ZMINWM,NVM2)

MODIFIED WAKE ELFMENT END POINT POSITICONS OR VELOCITIES

no 10 M=1,NRDT

D0 10 K=14NIR

DO 10 LM=1,NTVM

JM=L M+ NTYME(K=1+NIBx{M=1])
XM{I,JM)=0,

YM{T,4dM)=0,

IM{I M) =0,

NN 10 L=14NTV
JELANTVR(K-1+NIB*{M~1})

N=p #NTV*{M-1)
XM{TyJMISAFM{LM N IEX( T, JY+XMI T, aM)
YMLT g M) =AFMILM G NYEY (T4 JV#YMUT,IM)
IMUT g IMY=AFMILM, NI*ZLT,J)+Z2M 1, IM)
CONT INUE

RETURN

END
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SUBROUTINE MODCOX (NROT NIBJNTVINTYMsX,XM,AFM, NANV,NBNT o NWM,y I,
1 NVM2,NAS)

DIMENSION AFM(4,11)

DIMENSION X{NANV,NBNT)

DIMENSION XM{NANV,NVM2)

MODIFIED WAKE ELEMENT END POINT POSITIONS DR VELOCITIES

DO 20 M=1,NRODT

D0 20 K=1,NIB

DO 20 IM=1,NTVM

IM=L M NTYMR(K~1+NIB*(M=1))

IF (NASCEQ.T AND LM, LT ,NTVM) GO TO 15
IF {(LM,LT.NTVM) GO TO 290

XM(1,0M}¥=0,

GO YO 16

READ {(5,170) XM(T1,JM)

FORMAT (29X,F14.7)

GO 10 20

DD 10 L=1,NTV
JEL#NTYVX{(K-1+NIB*(M-11})

N={ +NTV*{M-1)

XM { I' JM’-:AFM(LM,N )*X( I'l,J’*XM( I,JM)
CONTINUE

CONTINUE

FORMAT (THOMODCOX9(1XyG1l1.4))
RETURN

END



OVERLAY (WKOVL, 3,0)

PROGRAM wWK2

INTEGER OUTWKPT,CNTR

INTEGER T45,WW

REAL MXYZ,MUsMUAL Ty MUSPKyMUCAT 4MUSAT,MUDP,MUSDP,LLNTH,LNTH,LOADN,

ILTMP,LSQeMX MYy MZ 4 MUCDP s MUSDS ¢MUCDS s 1Oy MB L X KXX

DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSINN
DIMENSTON
DIMENSION
DIMENS ION
DIMENSTON
DIMENSION
DIMENSTON

NIMENSION.

DIMENSTON
DIMENSTON
DIMENSIDN
DIMENSTON
DIMENSION
DIMENSTON
N IMENSION
v {MENSION
NIMENS ION
NIMENSTON
DIMENSION
D IMENS ION

A(NS5,44)
ALFA1(O1)
ALFA2{01)
ALFAS(O1Y
ALFAT(Q1])
ALPHAQ(O1)
ALPHAR(OL)
AD{(01)
AR{0O1)
ATMPL(11)
B{D05,40)
BETA(N3,1)
BTMP(11)
cing)
CCLA(O)
CHORDI{(O1)
DELTA(C]1)
DIR(1)
DNTHI011,040)
nsQ(oan)
DIMPL D4 Q)
DUMX{108)
nuMy(1cs)
pumMzier)
GAMMALDS5,040)
GAMMKI( 1,040}
INDXGL4Dn)
neen)
RXX(01)
LNTH{05,44)
LSQ{N44)
LTMP(044)
LX{01)
MBI0O1Y
MUCDS (1)
MUSDSI(1)
NPSTIC(])
PSI(1)
PSTR(0O1)
R(11)
RCAP(C1,11)
RSMLL{CL 44)
RZEROL1)
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DIMENSION
DIMENSION
DIMENSTION
DIMENS ION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
D IMENSTON
DIMENSTON
NDIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSICN
DIMENSINN
DIMENSTION
DIMENSION
DIMENSION

SGMA1(044,044)

STIGBL(260)
SIGMZ(10)
VI(01,01)
VX(05 464)
VY{05,44)
VZIN5,44)
WKX(D1,01)
WKY (01,01)
WKZ(01,01)
X105, 44)
XMM{(54)
XROT(01)
XX(N1)
Y{05,44)
YMM (54 )
YROT{(O1)
2(05,44)
IMM(54)
ZROT(Q1)

COMMON /STPS7/ NRATIO JNAAGLRGWKS $LTMLSSyLSWHW

COMMON /STPDUM/ DUMX,DUMY ,DUM7Z

COMMON /BETAI/RETAMBETR,NBETC,PI+D,U,F, AS,ALPHALl, ALPHAZ, RO

COMMON /BETA3/0M,OMSQ4ADs AR 3V RHO MU

COMMNN /TEST33/ NIRJNPOT,NW NBRV1sX Y9 ZyAyByDNTH LNTH,NARSNPER,
1JSIGT oJNWMKy Iy NWM] oNIBV,VX,VY,VZ,NIBRY

COMMION /TESTSS/ JLsJSIGWNTV,NTV1sMyDPST,CHORD,RSMLL,RCAP,GAMMA,QSZ
COMMON /WAKEL1/ VOOMR yNUWKPT 4VT 4WKXy WKY WKZ,COSBR3,5INBR3,NAST,
INIBNA ¢NWKLST MWKR W, NWKCL 9 NLPL o NLP2y NLP3, NLP4,TWOPI

COMMON JCONT/ NAGNR (NANR,y JAZJJyNNyNaSIGNyITsNGIR

COMMON /WK1C/ PST CCLALDIR

COMMON /7WK2A/ MSET,GCAMMK, INDX,JAC, INDXL ,SGMAZ, SIGM71$GMBL
COMMON /WK2B/7 XAy YA 7 A XByYBy7B,XCyYC,2C

COMMON /SUBIB/ KXHL SQeDSQyDTMPL,LTMP ,ATMP ,BTMP

COMMON /SUBIC/ R.C,DTROPIT

COMMON /SUBID/ T1,1IP1l,1IM]

COMMON /CONVGB/ SCGMAL1,INDXG

COMMON /WK2C/ STGBRL

COMMON /MODWK1/ GAMMAM{54 3161 sRM(1},AM{05,16) ,WXM{54,16),
IVYM(S54,18)3VIM{S54416) ¢ XM{54,16) 4 YMIB4,16),2M{54,16)
COMMON /MODCNT/ NTUMGNWSTRE s NWR o NANRMy,NIBRYM,NIBM

COMMDN /SUBIE/Z NAS

COMMON 70UTDI/ NNTV NEXPWK, NSTIGRW,NMODR, NMODC

COMMDON /WK2GAM/ GAMFAC

COMMON /DART1/ SGRATO

COMMON /MODWK3/ AFM(4,11),BFM{4,10)

COMMON /STEPXA/ WKPT,WW,I0UT,NOTTP1 ,KAT,NRC



DATA TINX1y INX24 ITNX3, TMXA, TNXS5, INXE, INXT/

14H Xy4H Y4 H ZytH VX o4H VYs4H VZ+4HSIGAY
C

9876 FORMAT {1HO,114,(8(1X4G1l4.7)})

NEW COORDINATES FOR P1J AND LOAD COMPONFNTS OF GAMMA(1,J) ARE
NOW COMPUTED, WAKF AND SELF-INDYCED VELOCITY COMPONENTS
OF GAMMA(1,J}) ARF TO BE COMPUTED

DEFINITION OF VZJ(RRARJ,PSII)

VZS AND SIGMAS ARE DEFINED AS FOLLOWS. THE FFFECT OF THE WAKE
FROM ONE BLADE IS COMPUTED, ONE ROW OF SHED VORTICES AND
THE TRATLING VORTICES JUST AHEAD OF THEM TAKEN PER TIME,
THE DISTANCES FROM THE POINT WHERE THE INDUCED VELDCITY IS
COMPUTED AND THE VORTEX ELEMENT IS LOCATED, AND THE
ARTENTATINN OF THE VORTICES ARE SUCH THAT ESSENTIALLY
THE SAME FNpMULA CAN B USFD TO COMPUTFE THE EFFECT OF
BOTH SHED AND TRATLING VARTEX ELEMENTS. XA, XB, XCs ARE
THE X COQORDINATES DF THE POINT AT WHICH THE INDUCED
VELOCITY IS COMPUTED, AND THE END POINTS OF THE VORTEX
ELEMENT UNDER CONSIDERATION,

J=0
M=1
IF (NPER.EQ.4.ANDNRATIN.GT,1)
1 CALL MODCORINROT yNIByNTV o NTVMyX, Yy ZyXMyYM,yZM,
2 AFM,NEXPWK,NNTV,NMODR, NANRM=NRATIQ, NMODC )
IF (NW.GT.2) GO TO 83
DO 81 JX=1,NIBRV
81 A{1,4X)=CHORD{M)
DO 82 JX=1,NGJR
82 B(2,JX)=CHORD(M)
83 DO 140 M=1,NROT
NPST(M)=(PSI(M})/DPSI)+.5

T44 TESTS TO SEE IF VAR IS IN RANGE

OO

CALL Ta6 {NPST{M),NA)

NSET = NR % {NPSI{M) J1+(M-1) * NTV1
DO 140 K=1,NIB

T45 = {(K-1)%NA/NIB

MSET = NSET + NR%T45

CALL T44 (MSET,,NANR)

JKL={K-1) #NTV+{M-1} ENTVYENIR

DO 14C L=1,NTV1

MSET=MSFET+]
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o]

4

YOO

OO0

42

91

86

J=J+1
INDXG{ J) =MSET
JKL=JKL+1
JPi=JKL+1
LP1=L+1

INITIALIZE SIGBL FPR PLADFE LOADS

DO 84 IND=1,NANR
SIGBL{IND) = 0.0
JAC = 0

A IS THE POINT AT WHICH INCUCED VELOCITIES ARE TO BE COMPUTED.

XA=oS%{X{1,JKLI+X{1,JP1))
YA=,5%{Y{],JKLY+Y{1,4P1))
ZA=.5%(Z{1,JKL)+Z2(1,9P1))
VZ{1l.Jd)=0,

JSIG=0

MODWK=0

N1=NIBRrRY

N2=NTV

K X=M¥k K #%]

NO 138 JA=1,N1,N2
JSIGT=14( JA-1)ARNTYI/NTY
JAC = JAC +1

COMPUTE R FNR CURRENT BLADE

IF {MODWK,EQ.D) GC TO 86
JB=J8+1

IF (JB.GTNTYVMY) g8=1
JAC=(JA-1) /NTVM#]
XB=XM{NANRM,JA)
YB=YM{NANRM, JA)
IB=ZM{NANRM, JA}

WORK1=XB-XA

WORK2=YB-YA

WORK3=7B~-ZA ,
RM(1)=SORT{WORKI*WNRK]I+WIRK2:WORK 2+WORK 3%XWORK3)
G0 10 137

DO 87 JL=1,NTV

JK=JL+JA~1

XB=X{1,JK)

YB=Y(1,JK)

18=7111,4K)

WORK1=XA-XR

WORK2=YA~YB

WORK3=ZA-1R
RT=WORKLI*WORKI+WORK2¥WNRK?24 WORKI*WORK3



OO0

OO0

87

88

89

137

152

153

151 IF (MONWK.EQ.1) CALL SUBTI{NPER,NA,INDX,NR,JAC4NIB,NROT,NTV1,VZ,

138

REJLI=SQRTIRT)
INITIALIZE TEMPCRARY STORAGE LOCATIONS.

DO 89 NN=1,NTV

LTMPINN) =0,

ATMP{NN)=CHDRD(M)

DTMP{NN)=0,

BTMP{NN)=CHORD{ M)

NWM1=NW-1

SGMAZ=0.

INDX = NPSI(M} + (JAC-1)%*NA/NIR+1

LOCATE PDINTS B AND C,

If {(MODWK.EQ.N) CALL SUBI
IF (MODWK.NE.1) GO TN 138
N111=NWSTRE

TF (NPER.EQe.4) N111=LRGWKS
DO 152 IND=1,N111

NDUMX{ IND )=XM{ IND, JA)
DUMY{IND}=YM{IND, JA)
DUMZLIND)=ZM{IND, JA)
LIMLSS=NWSTRE

IF (NPER.NE.4) GO TO 151
TFINRATIOWLEQ.1) GO TO 151
DO 153 INN=LRGWKS NWSTRF
XMMUINDY =XM{IND, gAa)
YMM{IND)=YM{IND, JA)
IMMUIND ) = ZM{TND, JA)
IND=LRGWKS~1
INDLI=LRGWKS-NRATIQ
XMMUIND) =XM{IND1, JA)
YMMUIND)=YMITND1, JA)
IMMITINDY=ZM(INDY, JA)

CALL INTERPINRATIO,LREWKS yNWSTRE ;LTIMLSS y XMM, ¥ MM, ZMM, DUMX , DUMY

1 ,DUMZ)

1 JALJ,JB,LIMLSS)

CONTINYE

MODWK=MODWK+1

N1=NIBRVM

NZ2=1

JB=0

IF (MODWK.EQa1.AND.NAS.GTNANRM) GO TO 91
IF { NPERNF.&) GO TN 139
SXG=SIGBL{MSFT)*SGRATC
SXX=ABS{SX5)

DB 7447 TND=1,NANPR
SIGRLLIND)=SIGBLTIIND)IDTWOPI
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7447

9887

OO0 OO0

44

139

140

SXY=ARS{SIGRL{IND))

IF ((SXY.GT.SXX) JAND JIND NE MSET) STGBLIINDY=STGBLIIND) /SXY%SXX
CONTINUF

WRITE (4) MSET,{SIGBL{IND),IND=1,NANR)

WRITE(649887) MSET

FORMAT(1X,8H MSET = ,15)

TF(NBC.NE.=2) G0 TO 139

WRITE (6,9876) MSET,{SIGRL{ IND), IND=1,NANR)

LNTH(1,J) AND A{1,J}y DNTH(2,JSIG) AND B(2,JSIG) ARE NOT
COMPUTED UNTIL STATEMFNTS 150 THRU 166,

DNTH{1,JSTG} AND B{1,JSIG) ARE NOT YET NEEDED, AS THEY INVOLVE
THE VORTICES AT THE BLADE AND KNDKWN LENGTHS BETWEEN THE
R{JIS,.

COMPUTE GAMMA, INDUCED WAKE VELOCITY, EXCEPT GAMMA{l,4) AND
LOAD COMPQONENTS.

WORKX=ABS{VZ(1l,3))

PX=GAMFAC

IF (WORKXeGTLPX) VZI{14d)=VZI{1,J)/WORKXKGAMFAL
GAMMK{1,J)=VZ{1,J)1%CCLAMM) /THOPT+GAMMAL L 4 J)
RETURN

END



2n

25

30

325

997
9970

998
9980

SUBROUTINE INTERP{NRATIDZNFIR,NLST, 11 X,Y,Z¢XNyYNyZIN)
DIMENSTON X(S#)oV(54)92154)1XN(168)yYN(lﬁP)yZN(IOR}

DATA RM]1,RPIN3,RPQ7,RM19/~,5555555E~ ?,.572??22y.53?8889,-.10%5555/
IFINRATIODLNEL2, AMDJNRATIDNF, 316N TJ 998

IF (NFIRLLT.2) GO TO 997

NLIM=NLST-NFIR-1

XNINFIR)=X{NFIR)

YN{NFIR)=Y(NFIR)

IN(NFIR)=Z{NFIR)

T SSMNR=NFTR-2

I1=NFIR

GO TO (999,20,430),NRATIO

D0 25 I=14NLIM

Tl=11+1

I SSMMR=TSSMNR+]

I SS=I SSMNR+]

ISSP1=ISSMNR+2

ISSP2=TSSMNR+3

XN(TL )=~ 0625 ( XL ISSMNRI+XTISSP2) )I+.5625%{X(ISSY+X(IS55P1))
YNCILY}==o0625%( YL ISSMNR)I4Y{ ISSP2))+.5625%(Y(ISSI+Y{ISSP1))
IN{TL)=-a 0625%{ 2L ISSMNRIFZ(ISSP2Y1+,5625%(Z{ 158V +2{1S5P1))
I1=11+1

XN{I13¥=X{ISSP1)

YN{ILY=YLISSPU)

INUITI=7(1ISSP1)

G0 10 999

D0 35 I=1.NLIM

I1=11+1

TSSMNR=T SSMNR+1

1SS=1 SSMNR+1

ISSP1=ISSMNR+?2

ISSP2=ISSMNR+3

XN(TL1)=RMIEX{ ISSMNR)+RPPL1O3*X( ISS}+RPIT=X([SSP1)+RM1I9%X{ISSP2)
YN{T1)}=RMI%XY{ISSMNR)+RP1OI3I*Y{ ISSI+RPOTHY{ISSP1)+RM19*Y{ISSP2)
INLI1)=RMI*Z{TISSMNR)+RPLIOBXZ{ISS)+RPITXZLISSPLy+RMLIG¥Z{ISSP2)
I1=11+1

XN(T1}=RM1O9%:X{TSSMNRI+RPITHX( ISSI+RPINIAX(ISSPL)+RMILX(ISSP2)
YNUTI1)=RMI9%Y{ ISSMNRIARPITXY{ISSI+RPIOARY{ISSP1)4RM1I*Y{ISSP2)
IN{TI1)=RM19%*7(TSSMNR)4RPITHRI(ISS)+RPIOIXT(TSSP1)+RMI*Z2{155SP2)
I1=11+]1

XN{I1)=X{ISSP1)

YN(I1)=Y(ISSP1)

IN{T1Y)=Z(ISSP1)

GO 70 999

WRITE(6,99T7O0INFIR,NRATID

FORMAT(1IHO,5HISS =,13,13H FOR NRATIO =,13,13H IS INCORRECT)
GO TO 999

WRITE(6,9980)INRATIN

FORMAT{IHO, 13HGIVEN RATIO =,13,

1 36H IS INCORRECT FTR SUPRQUT INE INTERP )

45



999 RETURN
END
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SUBROUTINE T44 (A,NA)
INTEGER A
IF(A.LT.0.0) GO TD 2
IF(A.GE.NA) GO TO 3
RETURN

A=A + NA

GD T 1

A = A - NA

GO 10 1

END
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SUBRNDUTINE SuBt

INTEGER OQUT,WKPT,CNTR

INTEGER T45 4WW

REAL MXYZ M, MUAL ToMUSPK s MUCAT, MUSAT ¢ MUDP 4MUSDP 9 LINTHyLNTH, LOADN

48

DIMENSION
DIMENSTON
DIMENSION
DIMENS INN
DIMENSTON
DIMENSION
NDIMENSION
DIMENSTON
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
NDIMENSION
DIMENS IDN
NIMENSICN
DIMENSION
DIMEMSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIDN
DIMENSION
DIMENSION

ALD5,y 44)
ALFAY(0])
ALFAZ2{N1)
ALFASI{CL)
ALFATI(01)
ALPHAQ(N])
AM_PHAR{N))
AQ{O1)
AR{N])
AT(11)
ATMP{11)
B{005,40)
BETA(D3 1)
BRT{11)
BTMP(11)
c(na)
CCLALCT)
CHERDI(C 1)
DELTALCL)
DIR{(1)
DLNTH (O 4D)
DNTH{011,.040)
pSo(04a0)
DTMP{D4L)
GAMMAT(5,04C)
GAMMK (1,040)
INDXGU4D)
10401)
KXX{01)
LLNTH{044)
LNTH{O%,44)
LSQ{044)
LTMP{ 04 4)
LX{01)
Mo
MUCDS{1)
MUSDS(1)
NPSI(1)
PSI(D)
PSIR{N1)
R{11)
RCAP(O1,11)
RSMLLI(C1,44)
RZERO(1)



DIMENSION
NIMENSION
DIMENSION
DIMENSION
DTIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMFNSIDN
DIMENSION

SGMAT{D44,044)
SGMAZ((CS5,44)
SIGRL{367)
SIGMZ(10)
VIi{ol1,21)
VX{N5,44)
VY(N5,44)
VZ(N5,44)
WKX(01,01)
WKY{(1,01)
WKz7Z(Cc1,01)

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NDIMENSION

X{N5,44)
XROT{N1)
XX{0n1)

Y{(D5,44)
YROT{(N1)}
1105,44)
IROT(01)

COMMON /JBETAY/BETAJMBETR,NBETC,PID,UsFsAS,ALPHAT,ALPHAZ,RO
COMMON /BETA3/0M,0OMSQ4,A0, AR,V ,RHO,MU

COMMON /TEST33/ NIBNROT,NWINBRVLyXsY2Z9AyByDNTHLNTH,NARYNPER,
1JISIGT yNWMK s J g NUMY gNTRV, VX s VY, VI, NIBRV

COMMON /TESTSS/ Ly JSIGHNTVINTVL yM,OPST,CHORD, RSMLL,RCAP,GAMMA, QST
COMMON /WAKEL/ VOOMRZNUWKPT VI, WKX,WKY WKZ,COSR3,SINB3,NAST,
INTBNAGNWKLSTyNWKRW o NHKC Ly NLPL 4NLP2, NLP3, NLP4, THOPT

COMMON FCONT/ NASNR yNANRGJA 3JJyNNyNy SIGN, TT,NGJR

COMMON /WKIC/ PSTLCCLA,DIR

COMMON JWK2A/ MSET,GAMMK, INDX y JAC, INDXLySGMAZ, SIGMZ ,,SGMBL
COMMON /7WK2B/ XAyYA37A+XBsYByZByXCyYC,1IC

COMMON /WK2C/ SIGRL

COMMON /SUBIB/ KX ,LSQ4DSQsDTMP,LTMP ,ATMP,BTMP

COMMON /SUBIC/ R, C,yDTWOPT

COMMON /SUBIND/ 1,1IP1,IM]1

COMMON /SUBIE/ NAS

COMMON /CNONVGB/ SGMAL, INDXG

DO 135
IPl=1+1
XC=X{IP1,JA)
YC=Y{iP1l,JA)
IC=Z(IP1,JA)
XB=X{1,JA)
YB=Y(I,JA)
IB=Z{1,JA)
NN=1

N=1

S1GN=1,
JJ=JA

I1=1 1NNM1
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OO0

NOOON

100

92

93

101

50

JSIG=JSIGT-1

ASSIGN 100 TO NCNTR

WORK1=XA-XC

WORK2=YA-YC

WORK3=ZA-ZC

RT=WORK1 *WORK1+WORK2*WORK2 +WORKI*WORK3

COMPUTE SQUARE ROOTY OF RT AT THE APPROPRIATE STEP,

TF{NPER.NE.4) GO TOo 9¢C

IGN = 0

IF{INDX~-T1.GENA) IGN = -1

IFLINDX~1.LT.,0) IGN =1

INDX = INDX + NA * IGN

IF ( IGNJ.NE.Q) GO TO 85

INNDXL= (INDX-1I) * NR + {(JAC-1)/NIB) * {(NR/NRQOT)

RS=SQRT{RT)
GO TO NCNTR, (10N ,1144+115,117,4118)

COMPUTE NV*G, TRAILING VORTEX CONTRIBUTION, OR ETA%H, SHED
VORTEX CONTRIBUTION, L2 OR D2, AND ARD TO PREVIQUS CON-
TRIBUTIONS FROM QUADRILATERAL FOR GAMMA({I,J4S51G).

RPR=RS+R (NN)

DORL= (XR=XCV1%%¥2 4+ {YB=-YC) %% 24 (1B=1C ) *%2
ASSIGN 94 TN IDRGT

WORK1=R{NN)

VTEST=RS*RS+WORK]1 *WORK1-DORL

IF (VTEST.GT.0) GO TO 101
WORK2=RS-WORK 1

WORK2 =WORK2%WORK?

WORK3=RS+WORK1

WORK3=WORK3#WORK?3

VTEST={WORK3-DORL )*(DORL —WORK2)/{4.*DORL )
IF {I.NE.1) G0N TO 92

WORK1=CHORD(M)

G0 1O 93

IF (SIGN.GT.0) WORK1=A{I-1,JJ)

TF (SIGN.LTeN) WORKL=B(I ,JSIG+1)
WORK1=WORK1#WORK1

IF (VTEST.GT.WORK1) GO TO 101
HORG=0, ,

WORK5=SQR T{DORL ) *WORK

IF{WORK5 ,NF.04) HORG=1,/WORKS
ASSIGN 95 TO IORGT

GO 70 103

HORG=0.
WORKS=R{NN ) %R $* {RPR*¥RPR-DORL)
[F{WORKS5 NF.N.) HORG=SIGN*RPR/WORKS



YOO

YOO

s XeEe)

103 EORNZ=(XA-XC)*(YC-YB)-(YA-YC)*{XC~-XB)
EHNGZ=EORNZI*HORG
GO YO IORGT, {94,95)
9% SiGM=1.
IF {EHNGZ.LT.D.) STIGM=-1,
JX=JSIG
IF (NJLE.2) IX=3S1G+1
WORKL=GAMMAL1,4X)
WORK2=EHNGZ*WORK]1
IF (ABS{WORK2)4GTals) EHNGZ=SIGM/WORKI
94 SGMAZ=EHNGZ+SGMAZ
96 IF (N-2) 102,104,106

STORE R, L2, COMPUTE B FOR SHED VORTEX CONTRIBUTION,

102 R{NN}=RS
LLNTH{NN) =DORL
JJ=JJ+1
TNDXL= INDXL+ 1
XB=X{1P1,JJ)
YB=Y{IP1l,JJ)
I183=72{1P1,JJ)
WORK1=XA-XB
WORK2=YA-YB
WNRK3=7A-18
RT=WORK1*WORK1+WORK2*WORK2 +WORK3 ¥WORK3

N=2
SIGN=~1,
GO 7O 90

STORE D2, COMPUTE € FOR TRAILED VORTEX CONTRIBUTION.

104 C{3)}=EHNGZ
JSI16=JSIG+]
XC=X{1,J4J)
YC=Y{(1,JJ)
2C=7(1,44)

N=3

DANTHINN )=DORL
NN=NN+1

SIGN=1.

GO 1O 100

REDEFINE C,

106 XC=XB
YC=Y8
1C=18
If {i-1) 107,107,108



OO OO OO0 OO

OO0

OO

aNele

52

107

1G8

109

112

11¢

111

113

114

GAMMA(1,J)S ARE UNKNOWN. IF I=1, STORE SIGMA(J,JSIG).
THIS 1S SIGMA{1,4PST1,4,4S16) '

SGMAL{J, JSIG)=SGMAZ*=CCLA(M)*DTHWOPI]
SGMBL = SGMA7
GO TO 109

GAMMA(] ,J) ARE KNOWN -FOR T.GT.l. COMPUTE VZ{l4Jd}),.

VZIl, ) =VZ{1,J)+(SCMAZ-STGMZ{NN=-1))%GAMMA(I,JSTG)
IF{ NPER.NF.4) GO TO 109

SGMBL = SGMAZ - STGMZ(NN-1)

SGMA2(T,JSIG) = SGMBL

CONVENTENT LOCATION TC COMPUTE SIGMA(J.PSII,I,J3)
POSSIBLE ADDED CODING

SIGMZINN-1)=C{3)
IF (NPER.NE.4) GC TO 112
SIGRLUINDXL)= SGMBL + SIGBL{TNDXL)

IFf THE ROW IS NOT COMPLETED, STORE SGMAZ AND CONTINUE WITH VZ

COMPUTATION.

IF (NN.GT.NTVLY GO TO 111
SGMAZ=-EHNGZ

GO 1O 102
COMPUTE NEW VORTEX CORE RADIT FOR I.GT.1, OTHERWISE STORE L2
AND D2,
R{NN}=RS
SGMAZ=0,

LUENTH{NN) =DORL

IF {KX.GT.,1} GO TO 135
IF {1.LE.1) GO TO 122
IMl=I~1

NN=1

N IS REPLACING J FROM STATEMENTS 111-138,
N=JA
JSIG=JSIGT
RT=LLNTHINN]
RS=SORTI(RT)
STORE L.

LUNTHUNN) =RS
RT=LNTH(I-1,N}/RS



OO

e FaRaln

OO

OO M

115

116

117

118

119

120

121

122

RS=SQRT{RT)
COMPUTE TRAILING VORYEX CORE RADII.

AT{NNY=RS*A(I-1,N)
IF {NN.GT.NTV1}) GO 7O 119

THERE IS NO B{NTV) Sg DD NOT COMPUTE 17, OTHERWISE COMPUTE B

TRAILIRG VORTEX CORE RADII.

RT=DLNTH{NND
RS=SQRT(RY}

RY=DNTH{T ,JISIG}/RS
BENTHIRNN}=RS
RS=SQRTERT )
BTENNI=RS*BLI »JSIG}
N=N+}

JSIG=J51G+1

NN=NN+1

60 TO 113

MAKE PERMANENT STODRAGE OF L AND D» A AND B,

IMl=1-1

N=JA-1

DO 120 NN=1,NTV
N=N+1
ENTHUIML o NI=LTMPENN]
LTMP{INN)=LLNTH{NN)
ALI-1,N)=ATMPINNE
ATMP{NN)=AT(NN})
CONTINUE
JSI16=4SIGT-1

D3 121 NN=1,NTVI
JSIG=JSIG+1
DNTHEE ¢ JSIGE=DTMP (NN}
DTMPLNN)=DLNTHE{NNY
BEI+JSIGI=BTMPUINNY
BIMP{NN)=BTE{NN}
CONTENUE

GO YO 135

STORE L*%x2, D*%*2 FOR I=1, ALL J, FOR DEFINITION OF A AND B

AFTER CIRCULATIONS ARE COMPUTED

JNTV=JA+NTV1

NN=0

DO 124 JJ=JA, JNTV
NN=NN+1
LSQUJJ)=LLNTHINN]}



54

124

126

135

139

141

CONTINUE
JSIGI=JSIG=NTVL+1
NN=0

DO 126 JJ=JSIGl,JSIG
NN=NN+1
DSQUIJI=DLNTH{NN)
CONTINUE

CONTINUE

IF (KX.GT.1) RETURN
N=JS1GT~-1

DO 139 NN=1,NTV1
N=N+1
DNTH{NW,NI=DTMP (NN}
B{NW, N)=BTMPINN)
CONTINUE

N=JA-1

DO 141 NM=1,NTV

N=N+1
LNTHINW=-1,N)=LTMP{NN)
ACNW=14N)=ATMP(NN)

IF (NW.EQo2.ANDJNASEQ.1) A{NWyN)=CHORD(M)
CONTINUE '
RETURN

END



70

71

12

73

SUBROUTINE SUBIT (NPER,NA,INDXyNRyJAC NIByNROTSNTVLsVZsJAyJsJBs
1 NWSTRE) '

INTEGER OUT,WKPT,CNTR

INTEGER T454dW

REAL MXYZ,MU,MUALT s MUSPKysMUCAT yMUSAT yMUDP 4 MUSDPy LINTHsLNTH,LOADN,
ILTMP,LSQoMX s MY MZyMUCDP yMUSDSsMUCDS 910y MB oL X9 KXX

DIMENSICN VZ(05,44)

COMMON /STPSZ/ NROLDeNAAJLRGWKSyLIMLSSyLSHW

COMMON /MODCNT/ NTVMaNXSTRE o NWR g NANRM,NIBRVM, NI BV

COMMON /MODWKL/ GAMMA (54,156)¢R (1)sA (05,416} 1y VXM(54416),
1 VYM(54,16) 3 VIM{54,16) 4XM{54,16),YM(54,16),ZM(54,16)
COMMON /STPDUM/ X(108),Y{108),2(108)

COMMAON /MODWK3/7 AFM(4,11),BFM(4,10)

COMMON /VLNTHS/ NALIM,VLL{40)

COMMUON /WK28/ XAgYAsZAgXB,YB9ZBsXCyYC,42C

COMMON /WKZ2C/SIGBL(360]

Et=viLL{JA)

TWOEL=2 .*EL

RSQ=R{1)1*R{1)

NSw=-1

NWSTMI=NWSTRE-1

I=NANKM-1

NRATIO=1

I=1+¢1

Ji=1

IF{NPER «NE+%) 60 10 71
IF(I.LT.LRGWKS) GO TO0 71
NRATID=NRGLD
JZ={I-LRGHKS } /NRAT FO+LRGHKS
Pl=1+1

IF{NRATIO.LT.1) GO YO 72
XC=XM{IPl,JA)

YC=YM{IP1,JA)

ZC=2M(IPLlyJA)

6U T0 73

XC=x{1P1)

YC=Y(IP1)

IC=Z2(1P1)

WURK1=XA-XC

WORK2=YA~-YC

WORK3=ZA-1C
RT=HORK1*WORK1+WORK2%WIRK2+WORK3I*WORK3
IF(RT.GT.TWOEL) GJ TU 86

IF (RSQ.LT.EL) GO TG 84

IF (RT.LTL.EL) 6O TO B4
NSw=0
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85

OO0

56

86

84

GO TD 134

I=I+NALIM

NSW=1

GO TO 134

IF (NSW.LT.1) 6O TO 87
I=I-NALIM

GO TO 135

- NSW=-~1

87

88

89

90

100

92

CUMPUTE SQUARE RUOUT OF RT AT THE APPROPRIATE STEP.
IFINRATIO.G6T.1) GU TO 88
XB=XM(1yJA)

YB8=YM{I,JA)

ZB=ZM{1,JA)

60 TG 89

XB=X{1)

YB=Y{(1)

78=2(1})

NSH=-1

NN= 1

N=1

SIGN=1.

JI=JA

IF{NPERNE.4) 0 TO 90
IGN = 0

IF(INDX-1.GE.N4) IGN = -1
IFCINDX=T.LT.0) I6N = 1
INDX = INDOX + NA % IGN

IF { IGN.NE.O) GO TO 85
INDXL= (INDX=I1) * NR + {{(JAC-1)/NIB) * (NR/NROT)

RS=SQRT(RT)
0 TO 100

COMPUTE NV%G, TRAILING VORTEX CONTRIBUTION, OR ETA*H, SHED
VORTEX CONTRIBUTION, L2 OR D2y AND AOD TO PREVIOUS CON-
TRIBUTIONS FROM QUADRILATERAL FOR GAMMA(I,JA).

RPR= RS+R(NN)

DORL=(XB~XC ) #%2+{ YB=~YC ) *%2+(ZB~2C) **2
ASSIGN 94 TO I0RGT

WORK1 =R {NN)
VTEST=RS*RS+WORK1*WORK1-DORL

IF {(VTEST.GT.0) GO 70O 101
WORK2=RS-WORK1

WORKZ2=WURK2*WORK2

WORK3=RS+WUORK1

WORK3=WORK3#*WORK3

VTEST=(WORK3-DORL )}*{DORL ~WORK2)/{4.*DORL )
IF {SIGN.GT.0) WORK1=A{NANRMsJJ])



OHOOO0O0

oo

OO0

93

101

103

95

94
102

108

107

111
134
135

140

WURKI=WORK1%*WORK1

IF (VTEST.GT.WORKL) GG TO 101

HORG=0.

WORKS5=S5S QRT{DORL } ¥4 RK]1
IF{WORKS.NEsOe ) HORG=1. /WERKS

ASSIGN 95 TG IO0ORGT

GO 710 103

HORG=0.

WORKS=R (NN ) *RS*(RPR*RPR~DURL)
IFCWORKScNE. Do) HORG=SIGN®RPR/WORKS
EOQORNZ={ XA-XC ) *{YC-YB)-{ YA-YC) *{ XC-XB)
EHNGZ=EORNZ*HORG

GO TO I0ORGT, (94,95}

SToM=1.

IF (EHNGZ.LT+0s} SIGM=~-1.
WORK1=GAMMA(JZ,JA)

WORK2Z2=EHNGZ*WORK1

IF {ABS{WORK2).GT+14.) EHNGZ=SIGM/AWORK]
SGMAZ =EHNGZ

RI{NN)=RS

GAMMA(1,J)S ARE UNKNOWN. IF I=1, STORE SIGMA(J,JSIG).
THIS IS SIGMA(L1,PSTI4J,JSIG)

GAMMALL4.0) ARE KNOWN FOR T.6T.l. COMPUTE ViI(l,J).
VI{1,J4)=VZ{1,J)+{SGMAZ ) XGAMMA(JZ,JA)

IF{ NPER.NE.4) GO TO 111
SGMBL = SGMALZ

CONVENIENT LOCATION TO COMPUTE SIGMA(J,PSILsI,4d)

DU 107 JQ=1,NTV1
MOD INX=INDXL+JQ
SIGBLIMODINX)=—SGMBL*BFMI{ JB,JQ)+SIGBL{MODINX)

IF THE ROW IS NOTV COMPLETED, STDRé SGMAZ AND CONTINUE WITH vZ

COMPUTATION.

RINN) =RS
RSQ=RT

IF (L.LT.NANRM) LO TO 140
IF (I.LT.NWSTM1) GO YO 70
RETURN

END
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OVERLAY (WKOVL,4,0)
PROGRAM CONVG

INTEGER OUT,WKPT,CNTR

INTEGER T4S.WW

REAL MXYZ,MU,MUALT,MUSPK,MUCAT ¢MUSAT 4MUDP sMUSDP 4L LNTH,LNTHy LOADN,
ILTMPLSQy MX MY MZ 3y MUCDP yMUSDS sMUCDS 4 TO,MB oL X9 KXX

58

DIMENSION
DIMENSION
DIMENSION
DIMENSIDN
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIDN
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
D IMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION

Al(05,44)
ALFAL(O1)
ALFA21(01)
ALFAS(01})
ALFAT{O1)
ALPHAD(CL)
ALPHAR(O1)
AD(01)
AR{N1)
B{00N5,40)
BETA(D3,1)
CCLA{N1)
CHORD{O01)
DELTA(O1)
DIR{1)
DNTH(211,040)
GAMMA{D5,040)
GAMMAG{360)
GAMMK (1 ,040)
INDXG{40)
10{N1)
KXX(01)
LNTH{D5444)
LxX{(o1)
MB(N1}
MUCDS(1)
MUSDS{1}
NPSI(1}
pPSI(1)
PSIR(O1)
RCAPIO1,11)
PSMLL(C1,44)
RZERQO( 1)}
SGMA1{N44,044)
SIGRL{3560)
SIGMZ(10)
VI{D1,01)
VX{05,444)
VY{NnS,44)
VZI{nS5,44)
WKX{N1,01)
WKY{C1,01)



AOOOO

9876
950
951

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON

WKZ(01,01)

X105,44)
XROT(O1)

XSIMQ (040,040}

xXx{01)
Y{054y44)
YRNT(01)
1105444)
7AP(40)
IROT(O1)

COMMON /ITRG/ ITRGX

COMMON /BETA1/BETA,MBETR,NBETC,PI4DsUsFyAS,ALPHAL, AL PHAZ,4 RO
COMMON /BETA2/ XSIMQ,ZAP, NGJJsM1,DETERM

COMMON /BETA3/70M,0OMSQ,A0. ARV 4 RH3,MU ‘
COMMON /TEST33/ NIBSNROTyNW NBRV1 ¢X+Y9ZsAsByDNTHLNTH,NARJNPER,
1JSIGT ¢NWMKy Jy NWML 4NIBVo VX, VYy VZ,NIBRYV _

COMMON /TESTS55/ JL+JSTIGyNTVyNTV14MenPST,CHORD,RSMLL y RCAP, GAMMA,QSZ
COMMON /WAKEL/ VOOMRyNUWKPT 4VI yWKXyWKY WKZ,COSB3,SINB3,NASL,
INIBNAZNWKLST o NWKRWoNHKCLy NLPL,NL P2, NLP3,NLP4, TWOPI

COMMON 7CONTZ NAJNR,NANRyJA4JJyNN, NvSIGNyIIoNGJR

COMMON /CONVGA/ EPSGy.NWKRQ

COMMON /CONVGB/ SGMA1L,INDXG

COMMON /CONVGC/ GAMMAG

COMMDON /WK2A/ MSET,GAMMK, INDX 9 JAC, INDXLySGMAZ,SIGMZ,SGMBL
COMMON /WK2C/ SIGSHL

COMMON /OUTIN/ IN,0UT

COMMON /SUBIE/ NAS

COMMON /STEPXA/ WKPT,WW,I0UT,NOTTP1,KAT,NBC

FORMAT (1HO, (8U1X,614.7)))
FORMAT (13H ITG DIVERGES,215,2€14.7)

FORMAT {I5,F12.4,31H GAMMAS HAVE CONVERGED  MSET= ,110,4/)

COMPUTE NFW GAMMA{1,J) USING ITERATION SCHEME ON AN EQ OF THE
FORM G=GL4GV+CXSUMIALSIG%G))
NGJJI=NGJR
N=1
M1=0
[TR=0
GDI=0,
G=0.
ITR=ITR+1
NN 145 J=1,NGJR
GDIF=GAMMA(1,J)
XK=0e.
DO 144 K=1,JS16
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144

145

146
148

152

153

147

150

157

164

XK=SGMAL{ JoK)*GAMMAL1,K}+XK

GAMMALL » J)={GAMMK{1, J)+XK-SGMAL (J,J) %GAMMA(1,J))/(1.-SCGMAL{J,JM)

GDI={GDIF-GAMMA(1,J))}*%24+GDI

G=G+GAMMA( 1,4 )%%2

GTEST=GDI /6
IF (GTEST.LELEPSG)} GO Tp 150

IF GAMMAS CONVERGE, CONTINUE, OTHERWISE TTERATE AGAIN UNLESS
ITR EXCEEDS UPPFRLIMIT,

IF (TITRLLTLITRGX) GO TO 142

WRITE {0UT,950) TTR,ITRGX,GTEST,EPSG
IF (M1,EQ.1) STOP

N 152 J=1,NGJR

DO 152 K=1,JSI6
XSIMO{JsK)==SGMAL {J,K)
DO 153 J=1,NGJR
ZAP(J)=GAMMK(1,4)
XSIMQUJ s} =1.+XSTMOLS 4J)

1TR=0
Ml=1

CALL MATINV
DO 147 J=1,NGJR

GAMMA{1,J)=ZAP({J)
G0 7O 142

GAMMAS HAVE CONVERGED

WRITE (OUT,951) 1TR,

GTEST,MSET

WRITE(6 498761 {IGAMMALIX 3JX) oI X=1,yN) » IX=1,NGIRY)

IF (NPER.EQ.44 GO TO 157

RETURN

DO 164 J=14NGJR
M=INDXG{J)
GAMMAG (M) =GAMMA(1,J)
IF (NAS,EQ . WW+(NA/NIB)-1}) WRITE (NOTTP1) {GAMMAG{J) sJ=1,NANR)

IF {NAS
RETURN
END

«EQ.

WW+{NA/NIB)-1)

WRITE (6498761 (GAMMAG(J),J=1,NANRY)



NVERLAY {(HWKDOVL5,0)

PROGRAM AL1IRD?2

INTEGER QUTWKPT,CNTR

INTEGER T45,WH

REAL MXYZ ,MU,MUAL Ty, MUSPK,MUCAT ,MUSAT MUDP yMUSDP,LLNTHyLNTHyLOADN,
ILTMPLSQyMX MY 4 MZ ,MUCDPMUSDS yMUCDS » 10, MB,LX,KXX

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGON
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION

AL0S, 44)
ALFALIQ1)
ALFA2(" 1)
ALFAS(COD)
ALFAT(D1)
ALPHAD(01)
ALPHAR (01)
A0(O1)
AR{D1)
ATMP{11)
B{005,40)
BETA(O3,1)
BTMP(11)
CCLA{O1)
CHDORD(O1)
DELTAL(OD)
DIR{(1Y
DNTH(211,040)
DSQUQ40)
DTMP(D40)
GAMMA{D5,040)
10(21)
KXX(D1)
ENTH(D5 ,44)
LsSQ{o44)
LTMP{D44)
LX{oiy
MB{o1)
MUCDS (1)
MUSDSI 1)
NPSI(1)
PSI{1)
PSIR{(0O1)
RCAPI{N1,L11)
RSMLL{D1,44)
RZERO(1)
THTAX{(C1)
THTAY{(C1)
VI{01,01)
VX{05,4,44)
VY{05,44)
VZ{N5544)
WKX{01,01)
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151

154

155

[eEeXe!
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DIMENSION WKY{D1,01)
DIMENSION WKZ{01,01)
DIMENSION X{N5444)
DIMENSION XROT(0O1)
DIMENSION XX{(01)
DIMENSION Y{05,44)
DIMENSION YROT(O1)
DIMENSION Z(05,44)
DIMENSICON ZROT{N1)

COMMON /BETA1/BETAsMBETRyNBETC,PI4D+UyFsAS,ALPHAL, ALPHA2,RD

COMMON /BETA3/OM,0MSQ AGs AR 4V ,RHO MU

COMMON /TEST33/7 NIR,NROTNW NBRV1IsX2YsZsAsBsDNTH LNTH,NARSNPER,
1JSIGT yNWMK s Jy NWM]L 4 NIBY, VX4 VY, VZ,NIBRY

COMMON /TESTS5/ JL+JSIGoNTV NTVI4MyDPST,CHORD,RSMLL 4 RCAP,GAMMA,QSZ
COMMON /WAKE1/ VOOMR ¢NUWKPT oV I,WKXyWKY,WKZ,COSB3,SINR3,NAS],
INIBNA JNWKL STy NWKRWy NWKCL4NLP1 4NL P2, NLP3,NLP4, TWOPI

COMMON /CONT/ NAZNRyNANRy JA 3JJ9yNNgN,SIGNIT,NGIR

COMMON /AL1IBDA/ ABK

COMMON /SUBTB/ KX4LSQ4DSQDTMP,LTMP ,ATMP ,BTMP

PERFORM FLOW PERIQDICITY CHECK. IF NOT PERIODIC CHECK TIME
LIMIT (GO TO 446), IF PERIOGDIC CHOOSE ONE OR MORE OF (A)
COMPUTE SIGS FOR BLADE LOADS ON BASIS OF SMALLER
SPACING, (B) COMPUTE FLOW FIELD, NOT AT VORTEX END
POINTS, AND {C) OTHER.

COMPUTE Alls3)y B(2,d)y L{1sd)}, AND D{2,J)

JJ=0

JSIG=0

NN=0

Jd=3J+1

RT=LSQ{JJ)

RS=SQRT(RT)
LNTH(1,JJ4)=RS

NN=NN+1

IF (NN.GT.1) GO TD 158
JSIG=JSIG+1
RT=ABS{GAMMAL(1l,JSIG)})
IF (JJ.LT.NIBRVY GO TO 155
RS=SQRT(RT)

GO 70 162

RS=SQRT{RT)

VAORTEX CNRE RADTUS IS CONSTANT TIMES CIRCULATION*%,5



156

158
159

160

162

163

A{1l4JJ)=RS*ABK

GO 10 151 :

IF (NN=-NTV) 160,159,162
NN=Q

GO 70 154

JSIG=JSIG+1
RT=ABS{GAMMA(1,JSIG)-GAMMA(1,JSIG~-1))
RS=SQRT{(RT)

GO TO 156

A(lysJJ)=RS*ABK

JJ4=0

Ja=JJ+1

RT=DSQ(JJ)

RS=SQRT{(RT)

DNTH{2,JJ)=RS
RT=ABS{GAMMA(1,JJ)-GAMMA{2,0J0))
RS=SQRT(RT)
BU2Z29yJJ)=RS*ABK

IF (JJ.LT.NGJR) GO TO 163
RETURN

END
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OVERLAY
PRAGRAM
INTEGER
INTEGER

DIMENSION
DIMENSION
DIMENSION
NDIMENSION
DIMENSION
DIMENS ION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSINON
-DIMENSION
DIMENSION
NDIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NDIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

{WKOVL 64 0)
APXLD

QUT s WKPT,,CNTR
T45,4WW ‘
REAL MXYZ yMUSMUALTyMUSPK,MUCAT MUSAT ,MUDP ,MUSDP,LINTH,LNTH,LOADN,
ILTMPLLSQy MY MY, M7 ,MUCDP ,MUSDS JMUCDS 3 TO,MB, L X 4 KXX

A{05,44)
ALFAI(O1Y
ALFA2{N"1)
ALFAS({01)
ALFATI(CY)
ALPHAD{D01)
ALPHARI{D1)
ADLIO1)
AR{(N1)
B{ON5,40)
CCLA(N])
CHORD{O1)
DELTA{DY)
DIR{1)
DNTH(Q11,040)
GAMMA(OS,D40)
Ininl)
KXX{L01)
LNTH(DS,44)
LDADN{"44)
LX{21)
MB(D1)
MUCDS (1)
Mysps{1)
NPSI(1)
PSI{1)
PSIR(01)
RBAR{N40)
RCAP{01,11)
RSMLL(O1,44)
RZERQ(1)
THTAX{Q1)
THTAY (D)
VIi{o1,01)
VX{05,44)
VY{05,44)
VZIid5,44)
WKX{01,01)
WKY{Q1,01)
WKZ(01,01)
X{05,44)
XROT{O1)
XX{N1)
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180

DIMENSION Y(05,44)
DIMENSTON YRAT(DO1)
DIMENSION 71C5,44)
DIMENSION ZROT{O1)

COMMON /BFTA/OMy OMSQ ANy AR ¢V 4RHDO MU

COMMON /TEST33/ NIB NROT,NW NBRVIgX Y9 ZyAyByDNTH,LNTH,NARNPER,
L1JSIGT gNWMK, Jo NWM]1 yNIBVy VX, ,VY,VZ,NIRRYV

COMMON /TESTS55/ JLsJSIGyNTV,,NTV1,4M,DPST,CHORD,,RSMLL,RCAP,GAMMA+QSLZ
COMMON /APX{L DA/ RBAR

COMMON /ZAPXLDB/ LDADN

COMMON /WK1A/ PSIRDPSIKyPSIKDELTA,RREF,MUCDS,MUSDS,THTAX, THTAY
COMMON /WKI1C/ PSI,CCLA,DIR

DEFINE APPROXIMATE BLADE LDADS
NONDIMENSIONAL FORM={RHN¥JXGAMMA)/ {RHO*OMKXON*R*R*R )

» DO 180 M=1,NROT .

N3 189 K=1.NIR
PSIK=PSIR{M}+(K-1}*DPSIK
MUSPK=MU*SIN(PST{M}+PSIK)

JJ=0

DO 180 J=1,NTV1

Ji=JJ+l

LOADN(JJ) ={RRAR{ JJ) + MUSPK:D IR (M) ) %GAMMA(1 4 Jd)
CONT INUE

LOADN IS NON-DIMENSIONAL

LOADD(JJ)=LOADNT{JIII*DFLDD

WRITE EITHER L OADN NR LOADD AFTER COMPUTATION, BUT DO NOT USE
BOTH. LOADN(JJ)Y AND VZ{J) COULD BE EQUIVALENCED,

RETURN
END
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OVERLAY (WKOVL,740)
PROGRAM WK3

INTEGER OUT,WKPT,CNTR
INTEGER T45,.WW

REAL MXYZ,MU,MUALT,MUSPK,MUCAT ¢MUSAT ,MUDP 4MUSDP,LLNTH,LNTH, LOADN,
1LTMP,LSQyMX, MY, MZ ,MyCOP 4,MUUSDS yMUCDS » IDsMB s L X KXX

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
D IMENS IDN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
D TMENS ION
DIMENSION
DIMENSION

DIMENSION

DIMENSION
DIMENSION
NIMENSION
DIMENSION
D IMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON

A{DD,44)
ALFA1(0O1)
ALFA2({01)
ALFAS(ON)
ALFAT{(D1)
ALPHAD(01)
ALPHAR({D1}
AQ{01)
AR{0O1)
B{0O05,40)
BETA{(03,1)
CCLA{O])
CHORD{(01)
DELTA{QOY)
DIR{1}
DNTH(0O11,040)
GAMMA{O5,040)
10{(01)
KXX{01})
LNTH(05,44)
LX{D1)
MBI{QO1)
MUCDSI(1)
MUSDS{1)
NPST(1)
PSI(1)
PSIR{NL}
RCAP(21,11)
RSMLLEN1,44)
RZEROLL)
VIiDl,01)
VX{05,44)
YXX{01,01)
vY{05,44)
VZIQ5,44)
WKX{01,01)
WKY (01,01}
WKZE{N1,n1}
X{NS,44)
XPROT(O01})
XX{01)
Y{N5,44)
YROT(OI"
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186
191

DIMENSION Z(05,44)
DIMENSION ZROT(O1)

COMMON /BETA1/BETAMBETR4NBETCPI D U;F;ASsALPHAL,ALPHAZ,RO
COMMON /BETA3/0M,0MSQ4+AG, AR,V RHO,MU

COMMON /TEST33/7 NIByNROTyNWyNBRVLI X 9sY9ZyAsByDNTH,LNTH,NAR,NPER,
1JSIGT JNWMKy Js NWMY 4yNIBVyVX,4 VY, VI,NIRRYV

COMMGN /TESTS5/ JL2JSIGyNTV,NTV1,MyDPSI,CHORDyRSMLL yRCAP,GAMMA,QSZ
COMMON /WAKELl/ VOOMR,NUWKPT,VI WKXyWKY WKZ,COSB3,5INB3,NAS],
INTBNAYNHKLSTy NWKRW; NWKCL g NLP1 yNLP2,NLP3,NLP4,TWOPI

COMMON /CONT/ NAyNR 4 NANReJA+JJsNNyN+sSIGNyII,NGJR

COMMON /CONVGA/ EPSG,NWKRRQ

COMMON /FWKCONT/ NWKPD

COMMON /STEPXA/ WKPT,WW,I0UT,NOTTP1 ,KAT,NBC

COMMDN 7WK&4A/ VXX

CCMMON /0UTDI/ NMTVSNEXPWKs NS IGRW,NMODR,NMODC

COMMON /MODWK1/ GAMMAMISS 2160 yRM{1) s AM(05,16)+VXMI54416),
IVYMI54,16) 2y VIM{S4416) s XM{54416) 3 YM(54,16),IM(54,15)

COMMON /MODCNT/ NTVMyNWSTRE s NWR s NANRM, NI BRVM, NTBM

COMMON /70UTDTIT/ NWKCLM

DATA TNX1 o INX2, INX2, INX4, INXS s TNXE, INXT/ .
14H XotH YoaH Zs4H VXe4H VY,4H . VI,4HSIGA/
DATA NWKX ¢NWKY ¢ NWKZ /3HWKX g 3HWKY 9y 3HWK Z/

LOADN(JJI) COULD BE LnADDLISY

IF (NWKRQ.EQ.1.ANN,NPERJEQ.4) GO TO 192

G0 TG 189

NLP1=1

NLP2=1

NLP3=NWKCL

NLP4=NWKRW

CALL T3A

DO 186 JX=1,NWKCL

N0 186 IX=1,NWKRW

IF (IXGTNWKLST AND, X, EQ.NWKCL) GO 7O 191
VXX{IXedX)==VZLTI X IXI¥COSB3+VX(IX 93X} %RSINB3
VI(IXadX)=VXXLIXp IXY+VIL(T X, JX)

CONTINUE

CALL MPRECT (NUWKY yVXX yNMWKRW yNWKCL oNWKRW 4 NWKCLM)
NASI=NAS1+1

IF (NAST.LTJNIBNAY GO TD 188

COMPUTE WAKE FLOWS
VONA=NIB/{VOOMRENA)

DN 187 JX=1,NWKCL
DO 187 IX=1,NWKRW
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187
. 190

188

OV OO

189

377

68

IF (IXGT NWKLST ANDLIXEQ.NWKCL) 60 TO 190
VI{IX o IX)=VONARYT{T X, JX)

CONTINUE

CALL MPRECT (NWKXsVIyNWKRW)NWKCL ¢ NWKRYW JNWKCLM)
KAT=1

NLPI=NROT

NLP2=NIR

NLP3=NTV

SET WAKE AZIMUTHAL TNDEX LIMIT

NLP4=NW
NPER=1
CALL -T3A
NPER=NWKPD

IF (NWKPD.NE.4) GO TO 377

CALL MPRECT (INX4,VXsMdyNIBRVSNEXPHK,NNTV)

CALL MPRECT [INXS5,VY,NW,NIBRV J/NEXPHUK,NNTV)

CALL MPRECT (INX69VZINW,NIBRVSNEXPWK,NNTV).

CALL MPRECT {INXI oX,NW,NIBRYNEXPWK,NNTV)

CALL MPRECT {INXZ2 Y NW,NIRRVSNEXPWK NNTV)

CALL MPRECT {INX3 4Z NW,NIBRVyNEXPWK,NNTV)

CALL MPRECTY (TNX4 VXM NWSTRE, NI BRYM, NMODR , NMODC )
CALL MPRECT {INXS5,VYM,NWSTRE,NIBRVHM, NMODR ,NMODC)
CALL MPRECT (INX6 ,VIM NWSTRE,NIBRYM,NMODR,NMODC}
CALL MPRECT (INX1 XMsNWSTRE ,NIBRVM,NMODR,NMODC}
CALL MPRECT (INX2,YM NWSTRE ,NIBRVM,NMODR ,NMODCY}
CALL MPRECT (TNX3,ZM,NWSTRE M TBRYM,NMODR , NMODC}
CONTINUE

RETURN

END



SUBROUTINE T3A

INTEGER 72
INTEGER OUT,WKPT,CNTR

REAL MXYZ, MU, MUAL T ,MUSPKyMUCAT,MUSAT , MUDP ,MUSDP 4 LLNTH L NTH,LOADN,

ILTMP 4L SQ+ MX 4 MYy MZ o MUC DP ,MUSDS yMUCDS

DIMENSION
DIMENSION
DIMENS 10N
NIMENSION
DIMENSINN
DIMENSTON
DIMENSION
DIMENS ION
DIMENSTON
NIMENSION
DIMENSION
DIMENSION
D IMENSION
D IMENSTON
DIMENSION
DIMENSION
DTMENSTON
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
N IMENSTON
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
D IMENS [ON

Al(05444)
ALFAI(01)
ALFA2{01)
ALFAS{NL)
ALFATI{OL)Y
AC{0])
ARLOL)
B(OCS5,40)
CCLA{OL)
CHORD{(01}
DELTA(CY)

DNTH{0O11,040)
GAMMA(NS, 04C)
LNTHING5,44)

MUCDSI1)
MyUsSNS (1}
PSIR{D1)

RCAP{01,11)
RSMLL(D1,44)

VI{01,01)
VXID8,44)
VY{05,44)
VZI(05,44)
WKX{01,01)
WKY{D1,01)
WKZ{{(1,01}
X{N5,444)
XRAOT(01)
Y{05,44)
YROT(01)})
1{N5,44)
IROT(O01)

COMMON /TEST33/ NIBJNROTSMNWsNBRV1 4X4Y97Z,A,ByDNTH,LNTH,NAR,NPER,

1ISIGT o NWMKy Sy NWMI y,NIBV,VX,VY,VZ,NIBRY

CCMMON /TESTSS/ JLyJSIGyNTVyNTVIyM;DPSIyCHORD,PSMLL,RCAP GAMMA,QSZ
COMMON 7WAKEL/ YVOOMR,,NUWKPT oVI yWKX, WKYyWKZ,C0OSB3,SINB3,NAS],

INIBNASNWKLST ¢y NWKRUW, NWKC Ly NLPT NLP2,NLP3,NLP4, TWOPI
COMMON /MODCNT/ NTVM,NWSTRE gNWR o NANRM, NIBRVM,NIBM

COMMON /MODWK1/ GAMMAMIS4,16) 4RM{1);AM{05,16) ,VXM( 54,16 ;
IVYMIS54,16) s VIMIS54,16) o XMIS4,16),YM(54,16),7IM{54,16)

COMMON /SUBIE/ NAS

COMMON /WK2B/ XAysYA,ZA,XB,YByZ8,XC,YC,ZC
COMMON /OVT3A/ 712,11
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COMMON /70VT38/ ITROW,JAKMyK,L
COMMON /0VT3F/ JPASS

COMPUTE INDUCED VFLOCITIES AT ALL VORTEX ELEMENT END POINTS,
AND INCLUDING BLADE VORTEX POINTS. INCLUDE SELF-INDUCED
EFFECTS DUF TO BLADE AND NEIGHBORING VORTICES (BASED oON
APPROXIMATE CURVATURE FROM AN ARC DETERMINED FROM 3-POINT
CIRCULAR ARC CURVE FITTING., '

INITIALIZE CONTROL CONSTANTS FOR WAKE INDUCED VELOCITY
CALCULATIONS,

N1=NLP1

N2=NLP2

N3=NLP3

N4=NL P4

N5=2

N6=1

IF (NPER.EQ.4) NS=1

DO 600 Z2=1,NS ,

IF (NAS.LE.NANRM,AND.Z2.EQ.2) GO TO 600
200 JJ=0 '

J=0

J AND K HAVE REDEFINED FOR K>2

IF {(NPER.EQ.4) GO TO 201
IF {72.EQ.1) GO TO 201
N3=NTVM
N4=NWSTRE~-1
IF {NWSTRELLT.NWR) N4=NWSTRE
N6=NANRM+1

221 DO 500 M=1,N1
DD 500 K=1,N2
JAKM={K=1IENTV+1+NTVENIBX{M=-1}
DD 500 {=1,4N3
J=J+1
DO 500 1I=N&,N4
IF (72.FEQ.2) G0 TO 212
IF (NPER.EQ.,4) GO TN 211
XA=X{I1,4)
YA=Y(11,J)
IA=7(11,4)
G0 TO 220

211 IF (TIGT NWKLST.AND. J.EQaNWKCL) RETURN
JAKM=0
XA=WKX{I1,J)



OO0

212

221

500
600

YA=WKY{(I1,J)
ZA=RKZUII,+J)
GO 70O 220
XA=XM(TI+d)
YA=YMUIT,J)
ZA=ZM(1I144)
VXMUTITIsJd)=0D,
VYMIIT,J4)=0,
VIM{I1T,J)=0Q,
GO T0 221

POINT A IS POINT AT WHICH VELOCITIES ARE TO BE COMPUTED.

VX{IT,J)=0,
VY{II,J)=0,
VZI({II,J)=0.
INITIALIZE VELCCITY COMPONENTS, INDICES, ETC.
JS16=0
IROW=NPER
JPASS=J
CALL T3AB
[F (NAS.GT JNANRM) CALL T3ASPLVX,VY,VZ)
IF (Z2,EQ.1) CALL ADVXYZ (VX{ITd)aVY(IT,43),VZ(II,3),TWOPI)
IF (Z22.EQ.2) CALL ADVXYZIVXMUITyJ)sVYYMIITI L3} VZM{TII,J),TWOPT)
CONTINUE
CONTINUE
RETURN
END-
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SURROUTINE ADVXYZ VX, VY,VZ,THOPI)
VX=VX/TWOP]

VY=VY/TWOPI

VI=VZ/TWOPI

WORK1=ABS(VX)

WORK2=ABS(VY)

WORK3=ARSIVZ)
WORK4=AMAXT(WDRK] WORKZ yWORK3)
IF (WORK4.LF..1} RETURN
VX=(VX/WORK4LY*,1
VY={VY/WORK4&)%*.1
VI={yZ/WORK4&)*,1

RETURN

END



SUBROUTINE T3AB

INTEGER 12

INTEGER DUT»WKPT,CNTR

REAL MXYZ,MU,MUAL T, MUSPK,MUCATyMUSAT ,MUDP 4MUSDPLLNTHLNTH,LOADN,
ILTMP o LSQ e MX y MY,y MZ , MUCDP,MUS NS 4MUCDS

DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NDIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIQN

A05,444)
ALFALIO1)
ALFAZ{01)
ALFAS(D1)
ALFAT{O1)
A{(O1)
AR{01)
ATMP({11)
B{005,4N)
BTMP({11)
c{09)
ccrLa{nly
CHORN(O1)
DELTA(D1)

DNTH{211,040)

DTMP(040)

GAMMA(DR5,040)
LNTH{ 0S5 ,44)

LTMP{D44)
MUCDS (1)
MUSDS (1)
PSIR(OL)
RI11Y

RCAP{0O1,11)
RSMLL(C1,44)

SIGMX{10)
SIGMY {10}
SIGMZ{10)
VI(01,01)
VX{05,44)
VY(05,44)
VI(05,44)
WKX(01,01)
WKY (01,01}
WKZ(01,01)
X(05,44)
XROT(01)
Y(05,44)
YROT(01)
2105, 44)
IROT(01)

COMMON /TEST33/ NIRJNROT¢NW NBRV1sXsYyZ+AsBy,DNTH,LNTH,NAR, NPER,
1JSIGT s NWMKy Jp NWMI ,NTBV, VX VY, VZ,NIBRV
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OO,

O

A

T4

212
213

214
215
216
217

218

COMMON /TEST55/ JL,JSIG,NTV,NTVI,M,DPSIvCHDRDvRSMLL,RCAP;CAMMAgQSZ
COMMON /WAKELl/ VODMR,NUWKPT oV I, WKXyWKY WKZ,COSB3,SINB3,NASI,
INIBNA JNWKL STy NWKR Wy NWKCL o NLPL ZJNLP2y NLP3yNLPG, THWOPT

COMMON /MODWK1/ GAMMAM(54,16),RM{1),AM(05,16),VXM{54,16),
LVYM{544161 4 VIMI54,16) 4 XM{54,16)9YM(54,16),ZM(54,156)

COMMON /WK2B/ XA,YA,ZAyXB,YB,ZIB,XC,yYC,ZIC

COMMON /VLIMIT/ vLIM{11),VMLIM(16)

COMMON /0VT3A/ 72,11

COMMON /0yT3B/ IROW,JAKMyKsL

st=0.
QSY=O ®
QS1=0.
DO 400 JA=14NIBRV,NTV
QX=0,.
QY=0,
Q7=0,
JL=JA
JSIGT=1+{{JA-1)%NTV1 ) /NTY
IROW CONTROLS BRANCHING TO SPECIAL COMUTATIONS REQUIRED fFOR
SELF-INDUCED VFLOCITY CALCULATIONSy AND AVDIDANCE OF
CALCULATIONS BY STANDARD EQUATIONS. IROW=1, POINT A IS ON
CURRENT ROW, SELF-INDUCFD VELDCITIES ARE LINEAR, IROW=2,
POINT A IS ON NEXT ROW, IROW=3, POINT A IS NCOY ON CURRENT
BLANES WAKF, BUT HAS NOT BEEN ACCOUNTED FDR, IROW=4,
POINT A HAS BRFEN ACCOUNTED FOR, NO FURTHER CHECKS NEED BE
MADFE UNTIL POINT A IS REDEFINED.
IF (IROW.GT.2) GO 1O 213
TROW=2
CONTINUE
DO 390 1=1,NWM]
JSIG=JSIGT
SGMAX=0,
SGMAY=0D,
SGMAZ=N,
NN=0
JL=JA
IF POINT A IS NOT ON CURRENT BLADES WAKE DO STANDARD
CALCULATICON, OTHERWIZE TEST FOR NECESSITY OF SELF-INDUCED
VELOCITY COMPUTATIONS.
I=1, START ON NEW BLADES WAKE
IF {1.6T.,1) GO TO 280
CHECK TO SEFE IF POINT A IS ON CURRENT BLADES WAKF
IF {JA-JAKM) 218,216,219
II=1=1 AUTOMATICALLY REQUIRES SPECIALIZED SELF-INDUCED VELOCITY
CALCULATIONS.,
TF (1II.LE.1) GO TO 222
IROW=2
GO TOo 270
IROW=3



OO0 Oy O

219

222

224

229

231

GO 70 270

TROW=4
G0 TO 270 |
11=1=1, AND A ARE ON CURRENT BLADES WAKE
COMPUTE RU{JL)S FOR FUTURE USE
JL=J
COMPUTE ADDITIONAL SELF-INDUCED QSZ COMPONENT DUE TO BLADE OR
COMPUTE SHED VORTEX COMPONENT AT. END OF WAKE.,
STATEMENTS TO BE ADDED
CALL TESTS

DO 224 JX=1,NTV
R{JIXI=ABS{RCAPIM,L)I-RCAP(M, JIX))
IFf {NW.LE,2) GO TO 2860 . ‘
COMPUTE SELF~INDUCED VELOCITY FROM TRAILING VORTEX ONLY CON-
TRIBUTION.
XB=xX{2,JL}
YB=Y(2,J4L)
I1B=7(2,J4L)
JSIG=JSIGT+I~JA-1
IF (JSIG.FQedSIGT=1) USIG=JSIG+]
XC=X{3,J4L)
YC=Y{3,JL)
IC=72(3,JL)
IPl=1+1
SIGN=1,
GO TO 231
I1=NW AND A ARE ON CURRENT BLADES WAKF
IPl=1-1
IF (IP1.EQ.0) GO TO 321
XC=X11P1,JL)
YC=Y(IP1,JL)
IC=Z{1IP1,J4L)
SIGN=-1,
MX={YA=YB)*{7B-ZC }-{YB-YCI*(7A-ZB)
MY=(ZA-ZB8)*{XB~XC)-{ZR=-7CHI*{XA~XB)
MZ={XA-XB)*{YR-YC )~ (XB-XCI*{YA-YR)
RT=MXEMX4+MY&EMY+MTRM7
IF (RT.FQ.C.) RT=1,
RS=SQRT{(RT)
MXYZ=RS
DELSQ={XA=-XC) %% 2+ {YA-YC ) xXx2+{ ZA-2C ) %%x?
WORKI=LNTH{I,JL)YXILNTH{IPL 4L}
WORK1=WORKI*WORKI]
WORK2=LNTH({I,JLIXUNTH{I,JL)
WORK3={NTH{TIP] s JLI*LNTH{IP1,JL)
WORK2=WORK2+WORK3=DEL SO
WORKZ2=WORK2XWOARK?
RT=4. *WORK1-WORK?2
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236
238
240

242
243
244
245
246
247

248
249

263
260

265

IF {(RT,LE Q.Y GO TD 247
RT=DELSQO/RT
RS=SQRT(RT)
RSCRP =2, *INTH{I ,JLI*LNTH{IP L, JL)*RS
RT=LNTH{T,JL IxLNTHI T, JL)
RT=RSCRP*RSCRP-RT
IF (RT.LE,Q,) GO TO 247
RS=SQRTIRT)
WORKL=LNTH{ T, JL)*LNTH(T,J1)
WORKZ2=LNTH{IP1,JL ELNTH{IPY 4,Jd L)
CHOOSE DEFINITION NF FSMAL ACCORDING TO L{T,J)%x2.GE.DELSQ
+LUTPLy J) ¥k
IF (WORK1-DELSQ-¥WORK2.,GT.0)} GO TO 238
FSMAL={RSCRP-RS )/ LNTH(I,JL)
50 T3 240
FSMAL={RSCRP+RS)H/LNTH(T,JL)
RT=4*FSMALXRSCRP/A{T,,J1)
CHNOSE AND USE PROPER CIRCULATION VALUE
IF (JL=-JA) 243,244,242
IF {JL-JA-NTV1) 246,245,243
sT0P
FSCRP=GAMMA(T,JSTIG)*{ALOGIRT}+425)/{ 24 *RSCRP*RMXYZ)
GO 10 248
FSCRP==GAMMA( T, JSIGI*{ALOGIRT )+.25) /{1 2. %RSCRPEMXYZ)
GO TO 248
FSCRP={GAMMA( I ,JSTIG+1)I-GAMMALT,JSIG) 1 *{ALOGIRT)+,25) /{2 %RSCRP*
1MXYZ) ‘
60 TD 248
FSCRP=0,
FSCRP=FSCRP%SIGN
IF {(IT.GE.NW) GO TO 322
QASX=MX*FSCRP
QSY=MY*FSCRP
QSZ=MZ*FSCRP
CONTINUFE
D0 262 NX=1,NTV1
INITIALIZE SIGMS
SIGMX(NX}=0,
SIGMY (NX) =0,
SIGMZINX)=0,
IROW=1
AVQID COMPUTATION EHNGZ AT JL=J
IF {JL.EQ.JA) GO TO 265
JSIG=JSIGT
JL=JA
GO TO 360
R{II=LNTH{1,41)
NN=1
Ipl=1+1
GO T3 357



270

272

275

276

277

288

JL=JA

NN=D

XR=X{1yJA)

YB=Y{(1,JA)

IB=71{1,JA)
RT={XB-XA}*:*2+{YB~YA)* %24 {IB~-ZAYx*?
RS=SQRT{RT)

R{1)=RS

JL=JdL+1

NN=NN+1

NX=JSIGT+NN-1

XC=XB

YC=YR

1C=18

XB=X{1,JL)

YB=Y{1,JL)

IB=Z(1,JL}
RT={(XB=XA)Y** 2 +{¥YB-YA)*%:24{7B~ZA}%x%2
RS=SQRTIRT)

RPR=RS+R(NN)
DORL={XBR=XC) %42+ (YB~-Y( ) *%2+ (7B-2CI*%%2
WORKI=R{NNY}

VTEST=RS*RS+WORK1 *WORKI1~DORL

IF (VTEST.GT.0) GO TN 276
WORK2=RS~-HORK1

WORKZ2=WORK2*WORK?2

WORK3=RS+WORK1

WORK3=WORK3#WIRK?

VTEST={WORK3-DORL Y*{DORL —-WORK2¥/(4.%DORL
WORK1 =CHORD{ M}

WORK1=WORK1*WORK]

IF (VTEST.GT.WORKL)Y GC TOQ 276

HORG=N, .

WORKS=SQRT(DORL ) xWORK1
IFIWORKS5.,NE.Cs) HORG=1,/WORKS

G0 10O 277

HORG=0D.

WORKS=R{(NN)*R S*{RPRARPR-DORLY
EORMNX=(XA~XC)*{YC~-YB)~{YA-YC)*{XC-XB)
EORNY={ZA~ZCY*X{XC~-XB)~{ XA~-XC) *{IL~-Z8B)
EORNZ=AYA-YCI}*{ZC-IBR)-{IA-ZC)*{YC~YB)
WORKI=GAMMA({1,NX)

WORK2=ABS{ EORNX*WORK1 *HORG)
WORK3=ABS { EORNYXWORK1*HORG)
WORK4=ABS({EORNZ*WORK1*HORG)
WORKI=AMAXI(WORK? yWDRK3,WORKS)

IF (WORKLl.1LE.VLIM(NN)Y GO TO 287
SIGMX{NN)=EORNX/WORK1*HORG* YL IM{NN)
SIGMY {NN)=EORNY/WORKIXHORGXVL IM{NN)

)

17



78

287

286

278

280
281

282

283

284

285

SIGMZ{NN)}=EORNZ/WORK1*HORG*VL IM{NN)
GO YO 286
SIGMX{NN)}=EORNX*HORG
S TGMY [NN)=EORNY *HORG
SIGMZ {NN) =EORNZ*HORG
R{NN+1)=RS
IF (NNJ.LT.NTVL) GO TO 275
CONTINUE COMPUTING BLADE CONTRIBUTIONS UNTIL BLADE IS COMPLETED
THEN GO TO NEXT ROW.
JL=JA :
IF {1ROW-2) 350,280,360
DO SPECTAL CALCULATIONS ONLY IF POINT A IS ON CURRENT BLADES
WAKE .
IF{JA-JAKM) 281,282,359
IROW=3
GO TO 360
IF POINT A IS NOT ON OR JUST DOWN THE WAKE FROM B OR C, DO
STANDARD CALCULATION.
IF {11-1-1) 350,283,360 '
{F POINT A IS NOT BEHIND PNOINT JL, DO STANDARD CALCULATION.
IF {JL.NE,J)} GO T0 360
COMPUTE SELF-INDUCED VELOCITIES FOR 1.GT7.1
COMPUTE SELF-INDUCED QS FOR TRATLING VORTICES
JK=0
N=JL
XB8=X{1,JL)
YB=Y{1,J4L)
1B=7{1,J41)
IF {IT1.GENW) GO TN 229
LTMPIL)=LNTH{T, JL)
LTMP(2)=LNTHITITI,J1)
IP1=1+2
XC=x{1P1,JL)
YC=Y{IP1l,JU)
1C=Z{1P1,JL)
IPl=1+1
ATMPL1)=A{1,40L)
MX=(YB=-YA)*{ZA-ZC)-{YA-YC)X{ZRB-ZA)
MY={ZIB-ZA}I*{XA-XCI-{ ZA-7C ) *{XB-XA)
MZ=(XB=XA}R{YA-YC }-(XA-XC )*{YB-YA)
RT=MXXMX+MY:RMY+MZEMZ
IF (RT.EQ.0.) RT=1,
RS=SQRT(RT)

MXYZ=RS

DELSQ=(XB-XCY%*2+{YRB-YC)*%2 +( IB-7C) *%*2

WORK3= (4HLTMPLL)XLTMP{ 2) ¥XX2—{ LTMP 1) R¥2+LTMP{ 2) %%2~DEL SQ I **
121

IF (WORK3,LE.D) WORK3=5,4E-T70
RT=DELSQ/WORK3
RS=SQRT(RT)



RSCRP =2, %L TMP{1)%LTMP[2)%RS
289 RT=RSCRP*x%2-1 TMP( 1) *%2
JK=JK+1
IF (RT.LTOOO) RT=0.
RS=SQRT(RT}
COMPUTE FSMAL DEPENDING ON L{1)%*2,.GE.DELSQIL{2)*%2,
IF (LTMP( 1) %%2=-DELSQ-LTMP(2)%%2,GT.0) GO TO 294
292 FSMAL={RSCRP~-RS)/LTMP(1}
G0 1O 296
294 FSMAL={RSCRP+RS)Y/LTMP(1}
296 RT=4,%FSMAL*RSCRP/ATMP{ 1)
COMPUTE TRAILED (JK=1,2) OF SHED (JK=3,4) CONTRIBUTION TQO
SELF-INDUCED VELOCITY,
G0 TO {(297+310,346,348), JK
297 IF (JL-JA.LE.0) GO TO 300
298 1F (JL-JA-NTV1) 304,302,343
300 IF (RT.EQ.Q.) GO TN 307
FSCRP=GAMMA(I,JSIG)*{ ALOGI(RT) +,25)
GO TO 308
302 1IF (RT.EQ.0.) GO TO 307
FSCRP==GAMMA{1, S IG)¥X{ALOG{RT }+.25)
GO 7O 308
304 IF (RT,EQ.C.) GO TN 307
FSCRP={GAMMALT,JS IG+1 )~-GAMMA{ T,JSIG) 1 *{ALOG(RT)+,25])
GO TO 308
COMPUTE CONTRIBUTION FROM NEXT TRAILED VORTEX ELEMENT,
307 FSCRP=0,
308 ATMP{L1)=A(TIT,JL)
LTMP(3)=LTMP(1)
LTMP{1)=LTMP{2)
LTMP{2)=L TMDP( 3)
GO TOQ 289
312 IF {(JL.LE.JA) GO TO 316
314 1F {(JL-JA=-NTV1) 320,318,343
316 [F (RT,FQ.Ce) GO TO 3222
FSCRP={FSCRP+GAMMA(T T L JSTG) X ALOGIRT )+.25) )/ { 2. %¥RSCRP*MXYZ )
GO TO 322
318 IF (RT.EQ.Q.) GO TO 322
FSCRP={FSCRP-GAMMALTI +JSIG)*{ ALOG(RT}+,25))/{2,%RSCRPxMXYZ)
G0 TQ 322
320 IF (RT.EQ.0.) GO T 322 i
FSCRP={ FSCRP+{GAMMALTIT,JSIG+1)-GAMMALTI JSIGI )X ALOG(RT}I+.25)) /1
12 ., %RSCRPXMXYZ)
DEFINE TRATLED VORTEX SELF-INDUCEDN VELOCITY COMPONENT,
CHECK SIGN OF FSCRP
322 QSX=MXkFSCRP
QSY=MY%RFSCRP
QSZ=MI%*FSCRP
321 IF (JL—JA) 323,323,340
COMPUTE NG WITH ONLY ONE VORTEX INCLUDED, JSIG

79



80

COMPUTE FIRSTY COMTRIBUTION FROM SHED VORTICITY.

323 JLMi=gL
Ji=JL+}

JSIGLI=JSIG+]
JLPI=JL+1
JK=0

RT=1.

324 ATMP(1)= BIII,JST5G)
XB=X{II,JL)
YB8=Y{I11,JL)
I8=7(11,JL)
XC=X{IIl,JLP1)
YC=¥{I1,JLP1)
IC=Z(T1,J0LP1)
LITMP{1)Y=DNTH{I1,J51G)
LTMPL2)=DNTH{IT1,J57G1)

325 MX={{YA-YB)}*{IB-ZC)Y-{YB-YC)*{ ZA-7B)} ) *RT
MY=(({ ZA-ZB) ¥ {XB=XC )~ 2B-Z2C ) *{ XA-%XB) ) *RT
MZ=f{ XA=-XBY*{(YB~Y()~{ XB=XC)Y¥{ YA-YB)}) *RT
RT=MX*MX +MYAEMY+MT M7
IF (RT.EQ.0.) RT=1.

RS=SQRT(RT)
326 MXYZI=RS :
DELSA=(XA-XC}#* 2+ {YA-YC I %*¥24+( ZA-2C) % %2
RT= (4 {LTMPULIIFLTMPAL 2) )&% 2 (L TMPL 1) %24 L TMP[2)%*x2~
INDELSQy*%2)

IF {(RT.LE.C) GO TO 2337

RT=DELSQ/RT

RS=SQARTI{RT)

RSCRP=2,%LTMPL1)I%LTMP{2)*RS
RT=RSCRP*%2=L TMP{ 1) **2

IF {RT.LE.0.) GO TO 337

RS=SQRT{(RT)

IF (LTMPL1)%k2=-DELSQ~-LTMP(2)%%2,6T,0) GO TO 334

332 FSMAL=(RSCRP-RS}I/LTMP(1)

GO TD 336

334 FSMAL={RSCRP+RS)/LTMP(2)

336 RT=4 ., *FSMAL%RSCRP/ATMP(1)

IF (II.GE.NW) GO TO 338
FSMAL=GAMMA{TI, JSIGI-CAMMA( T, JSIG)
GO 70 339

338 FSMAL=-GAMMA{1,3S1G)

339 IF (RT.LE.C.) GD TO 337
FSCRP=FSMALF(ALOGIRT}+,25) /{2 .*RSCRPEMXYZ)
QASX=QSX+MX*FSCRP
QSY=RQSY+MYXFSCRP
QSZ=QSZ+M7*FSCRP

337 IF {JL.EQ.JA+1) GO TO 343
JL=JL+1



340 IF (JL-JA-NTVI.LT.D) GO TO 344
241 JL=JA+NTV1-1
JLPl=JL-1
RT=-1,
JK=JdK+1
NN=NTV1
JSIG1=JSIG~-1
GO TO (3244343,3244342), JK
CHECK ON VALIDITY OF THIS TRANSFER WHEN JL=JA+NTV1
343 [ROW=1
AX=QX+Q5X
QY=QY+QSY
QZ=02+QS52
IF (N.LE.JA)Y GO TO 342
COMPUTE INDUCFD VELDCITY FROM PREVIOUS TRATILING AND SHED VORTEX
345 R{NNI=DNTH(TII,JS1G~-1)
QX=X+ (SOGMAX-STGMXINN)) *CAMMA(T,JS16-1)
QY=0Y+(SGMAY~-SIGMY{NN}) *GAMMAL(I ,JSIG~1)
QI=QZ+(SGMAZ-SIGMZINN)}) *GAMMA(I,JS1G-1)
SIGMX{NN} =0,
SIGMY(NN)=0.
SIGMZ (NN)=D,
IF (NN.GEJLNTV1Y GQ TO 342D
C(1)=0.
Clt2)=0,
c(3)=0,
3420 XB=X{I11,4L1)
YB=Y{(I1,4L)
IB=7(11,J4L)
SGMAX=D.
SGMAY=0,
NN=NN+1
342 RS=DNTH(TI yJSIG)
IP1l=1+1
IF {(N~JA-NTV1.LT.C) GO TO 379
IF {N-JA-NTV1.EQ.0) GC TO 380
WRITE (6,3444)
3444 FORMAT (9H0342 HALTY
STOP
COMPUTE SELF-INDUCED VELOCITY FOR POINT BETWEEN SHED VORTICES
344 JLP1l=JL+1
XC=X{II,JdLP1)
YC=Y{II,JLPY)
IC=2(11,4LP1)
LTMPL2)=DNTH(TI,JSIG+1}Y
JLri=Jgt-1
XB=X{I1,J3LP1)
¥YB=Y{II,JLP1}
I8=2{11,4LP1)
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3

3

3

OO

82

346

451
347

471

348

491
349

492

350
351

354

ATMP{1)=B(II,451G)
LIMPL1)=DNTH(IT,JSIG)
JK=2
GO TO 285
IF {I1.GENW) GO TD 3451
FSMAL=GAMMA(II, JSIG)~ GAMMA([’JSIG!
GO 1O 347
FSMAL=-GAMMA(T1,.JSIG)
FSCRP=0,
IF {(RT.LE,D.) GO TO 3471
FSCRP=FSMAL*X(A{OG{RT}+,25])
LTMP(3)=LTMP(1)
LTMP{1)=LTMP(2)
LTMP(2)=LTMP{(3)
JSIG=JSIG+1
ATMP(11=B{I1,JSIG)
GO 1O 289
IF (11.GE.NW) GO TD 3491
FSMAL=GAMMA(IT, gSIG)~-GAMMAL T, JSIG)
GO 10O 349
FSMAL=-GAMMA(1,JS1G)
FSCRP=D,
IF (RT.LE.O.) GO TO 3452
FSCRP={FSCRP+FSMAL*{ALOG(RT )+ .25) }/ (2. *%RSCRP*XMXYZ)
QSX=MX*FSCRP+QSX
QSY=MY%XFSCRP+QSY
QSZ=MI%xFSCRP+QSZ
JL=JL+1
RINN#2)=DNTH{I1,JS1G)
COMPUTE COMPONENT OF INDUCED VELOGCITY FROM PREyIQOUS TRAILING
VORTEX
GO 1O 343
CALAULATE USUAL INDUCED VELOCITY COMPONENTS UNLESS JiL=J,I1I=1
AVOIDS RECALCULATION OF TRAILED VORTEX SELF-INDUCED VELOCITY
COMPONENT,
If (JL.NELJ) GO TQ 360
SIGMX{1)=0.
SIGMY(1)=0,
SIGMZ{1)=0,
R{1)y=LNTH{T,JL)
1Pi=1+1
NN=1
GO TO 357
XB=X{IP1l,JL)}
YR=Y{IPl,JL)}
IR8=2(1P1,JL)
RT={XA-XB)#*%2+{YA-YR) ¥% 2+ ( 7 A-72B) *%2 *
DORL=DNTH{IP] ,JSTG)**2
N=¢4
SIGN=-1,



355

356

357

365

GO TO 365
RETURNS T0 370
SIGMX{NN}=EHNGX
STGMY {NNJI=EHNGY
SIGMZINN)=EHNGZ
QAX=QX+SCMAXKGAMMA (]I ,JSIG)
QY=QY +SGMAY*GAMMA{I,JSIG)
QZ=QZ+SGMAZXGAMMA(]I , JSIG)
XK=35,
NN=NN+1
TF (NNL.EQ.NTV) GO T0O 390
JSIG=JSIG+1
SIGMX{NN) =0,
SIGMY{NN) =0,
SIGMZ{NNI=C,
DORL=DNTH{IP1,JSIG) %*%2
XC=X{IP1l,JL)
YC=y{1IP1l,JL)
IC=Z{1P1,J4L)
RINNI=LNTH{I,JL)
JL=JdL+1
XB=X{1IP1l,JL)
YB=Y{IPl,JL)
IB=72{1P1,JL)
RT={ XA=-XB) %%k 24+ { YA-YB ) ®% 2+ ( ZA-7B ) %%2
N=2
TROW=4
SIGN=1,.
G0 TO 365
[ROW=4
BEGIN STANDARD TYPE ROW INDUCED VELOCITY CALCULATION,
S GMAX=0D,
SGMAY=0.
SGMAZ=0,
JL=JA
XB=X{1,J40)
JSIG=JSIGT
YB=Y{1,JL)
ZB=201,JL)
[Pl=1+1
XC=X{IP1,JL)
YC=Y(IP1l,JlL)
IC=2{1P1,JL)
NN=1 :
RT=(XA-XC)®k*24+{yYA-YC ) ¥ %k 2+ { ZA=-7C) %%2
DORL=LNTH{T,JL) %*2
N=1
SIGN=1.
RS=SQRT{RT)
IF {CNTRL.EQ.2) GO TOQ 372
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c
c
C

370

371

84

377

381

383

385
372

373
374

375
376

RPR=RS+R{NN) _
TEST FOR END OF VORTEX ELEMENT (PQINT A) INSIDE CURRENT VORTEX
ELEMENT CORF., DEFINE HORG DIFFERENTLY ONLY IF A IS INSIDE
CUORF 0OF B-C FLEMENT,

WORK1I=R{NN)
VTEST=RS*RS+WORK 1 *WORK1-DRL

IF (VTEST.GT.D) GO TO 371
WORK3I=RS+WORK1

WORK3=WORK3%xWNRK3

WORK2=RS-WORK]1
WORK2=WORK 2¥WORK?2
VTEST={WARK3I~-NNRL )% {TORL ~-WORK2)/({4.*DORL )
IF {SIGN.EQ.N) STOP
WORKL=CHQRD{M)

WORKL=WORKI*WORK1

IF {(VTEST.GTL.WORK1) GC TO 371
HORG=9.

WORKS5=SARTIDNORLY*WORK]

IFIWIRKS JNELOL.) HORG=1. /NORKB
60 -TD 377
HORG=
WDRK5=R{NN)*RS*(RPR*RPP-DDRL}
IF{WORKS NFL.0.) HORG=SIGN*RPR/WORKS
FORNZ={XA-XCI*(YC-YBY-(YA~-YC) *{XC-XB)
EORNY=(ZA~ZC)H(XC-XB)={ XA=XC)I*(IC-1R)
FORNX={YA-YC)}*{ZC~7B)}—(ZA-ZCY*{YC-YRB)
EHNGX=EDRNX*HORG

EHNGY=FORNY*HDRG
FHNGZ =EORNZ*HORG
WORK1=GAMMA( T, JSI1G)
WORK2=ABS { EHNGX*WORK1)
WORK3=ABS(EHNGY*WORKL )
WORK&=ARS{ EHNGZ *WORK1 )
WORKI=AMAX1{WORK2 sWORK3 yWORKS )

IF {WORK1.LE.VLIM(NN}) GO TO 383
EHNGX=EHNGX/WORKI VLT M{ NN)
EHNGY=FHNGY/WORKI *VLIM{ANN)
EHNGZ =EHNGZ/WORK1%VL I M{NN)
SGMAX=SGMAX+FHNGX
SGMAY=SGMAY+EHNGY
SGMAZ=SGMAZ+EHNGZ
GO TO (372,378,380,355), N
R {NN)=RS
JL=JL+1

IF (IROW.GT,2) GO TO 376
IF (11-1-1) 374,375,376

IF {(JLLEQLJ) GO TO 354
GO TO 376

IF (JL.EQ.JY g0 TO 284
IP1=1+1



378

379

382

384

390

393

394

395

TXB=X{IP14JL)

Ya=y{1IP1,JL)

IR=71{1IP1,JL)
RT=(XA-XBV**24+{YA-YBI*¥2+{ZA-1B} ¥#%2
DORL=DNTH{IPL,JdSIG)*%2

N=2
SIGN=-1,
GO TO 365

RETURN TO 370
C{1)=EHNGX
C{2}=EHNGY
C{3)=EHNGZ
XC=X{T,JL)
YC=Y{1I,JL}
1C=2L 1,41}
N=3
DORL=UNTHE T 4 JL Y %%2
SIGN=1.
NN=NN+1
G 10 370
NX=RN~1
AX=QX+ {SGMAX~SIGMX{NX )} *GAMMALI 4 JSIG)
AY=QY+{SGMAY-SIGMY{NX)) *GAMMA(T,JSIG)
RI=Q7+{(SGMAZ-SIGMZINX)I*GAMMA(T,JSIG)
SIGMX{NX)=C(1)
SIGMY(NX)=C(2)
SIGMZINX)=C(3)
IF [NNJEQ.NTVY GO TO 390
CHECK NN INCREMENTING IN SPECTAL AREAS
SGMAX=~EHNGX
SGMAY=-~EHNGY
SGMAZ=~EHNGZ
JSIG=JSIG+]
XE=¥%8H ’
YC=YB
2C=Z8
60 YO 372
R{NN}=RS

ADD CURRENT BLARES WAKE EFFECTS To INDUCED VELOCITY AT A,

IF (72.EQ.2) GO T 394
VXITE 4 3¥=¥X{11,0)40X
VY{TII o dY¥=VvY{1I1,J)4QYVY
VI{IT,J1=vZI{I],J)+40Q7Z
GO 10 395
YXMUIT,J)=VXM(TIT,004QX
VYMETIT,J)=VYM{ 1T, )40V
VIM{TIL 3)=VIM{TIT,3)+Q7
DO 392 NN=1,NTV1
SIGMX{NN) =0,

SIGMY (NN} =0,
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392 SIGMZ{NN)=C.
C{1)=0.
cl23¥=0.
C(3)=Q.

400 CONTINUE
RETURN
END
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SUBROUTINE TESTS

REAL LBIG,LSMAL ,LBSLS,LBSLSQ
DIMENSION C{(01)

DIMENSION GAMMA(Q05,040)
DIMENSION LSMALI1Y)
DIMENSION RCAP(N1,11)
DIMENSION RSMAL{(Q1,44)
COMMON /TESTSS/ JL4JSIGANTV,NTV1 M,DPSI,C+RSMAL ,RCAP,GAMMA,QSZ
GAMSUM=0,
C3=3,%C{M)
C34S0=C3/4.
£3450=C34S0%C345Q

RJIDPS I=RSMAL (M, JL )*DPSI
RJPSSQ=RJDPSI*RJIDPSI
TERMI=+#+1, /RJDPSI

DO 1 I=1,NTV1
LSMAL{I)=ABS{RCAP({M, 141 )-RCAP (M, 1))
JX=JL

IF {UXJLENTYY GO TO 7
JX=JX=NTV
GD 10 6

JJ=0
NN=JSIG+NTV1-1
DO 5 I=JSIG,NN

JJd=JJ+1

IF (JJ.LT.J0X) GD T 2
KX=JX

N=JJ
GO 1T 3
 KX=JdJ

N=JX-1
{BIG=0.
DO 4 K=KX,N
LRIG=LSMAL(K)+LBIG
LBSLS=tRIG~LSMALT JJ)

£ RSLSQ=LBSLS*LRSLS
C3L142=C3/{4.*%LBIG)
C3L142=Cc3LT142%C3L142
RJIDPLI=RJIDPSI/LBIG
RIDPLI=RJDOPLY*RJDPLIT
5 GAMSUM=GAMMA{ 1,1} *AL0G{

2001 4+4SQRT{1.+RJDPLTY)/
3{1.+SQRT{1.+C31LT42) )} %
4{ {LBSLS+SQRT(LBSL SO+C34501))/
S{LBSLS+SQRTI(LBSLSQ+RIPSSQ) I I)+GAMSUM
TERMI=TERM1%:xGAMSUM

QS Z=QSZ+TERM]

RETURN

END
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IO OOD
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SUBROUTINE T3ASPLVX,VY,VZ)

INTEGER Z2 ’

REAL MXYZ MU,MUALT, MUSPKyMUCAT,,MUSAT ,MUUDP ,MUSDP LI NTHyLNTHsLOADN,
1L TMP L SQ e MX, MY M7 , PUC NP MUSDS s MUCDS

DIMENSION vit{40)

DIMENSION VX{05,44)
DIMENSION VY {N5,44)
NDIMENSION VZ{05,44)

COMMON /MODCNT/ NTVM,NWSTRE o NWR s NANRM, NI BRVM,NT BM

COMMON /MODWK1/ GAMMA (544161 ,R {1),A (05,16)4VXM{54,16)
IVYM{54416) 4, VIM{S4,16) X {(54,416),Y (54,186),7 (54,16)
COMMON /WK2B/ XAaYA,ZA;XByeYByZBsXCyVYC,y2IC

COMMON /YLIMIT/ VLIME11),VMLIM{16)

COMMON /JELNTHS/ FLL{16)

COMMODN /0OVT3A/ 72,11

COMMON /OVT3F/ J

COMMDN JYLNTHS/ NALIM,VLL

COMPUTE INDUCED VELOCITIES AT ALL VORTEX ELEMENT END POINTS,
AND TNCLUDING BLADE VORTEX POINTS. INCLUDE SELF-INDUCED
EFFECTS DUF TO BLADE AND NEIGHRORING VNDRTICES {BASED ON
APPROXIMATE CURVATURE FROM AN ARC DETERMINED FROM 3-POINT
CIRCULAR ARC CURVE FITTING.

INITTALIZF CONTROL CONSTANTS FOR WAKE INDUCED VELOCITY
CALCULATIONS,

IF (Z12.EQ.2) NSWl=1
NN=1 -

NWSTMI=NWSTRE-1
EEL=VLL(JA)
TWOEL=EEL+EFL

NSW=-1

EL=ELLLJA)}

NANR X=NANRM

JL=JA

JSIG=JA

QAX=0.

QY=Q.

QL=0,
WORKLI=XA-X{NANRM, JL}
WORK2=YA-Y{NANRM, JL)
WORK3=ZA~Z {NANRM, 4L}
RSQA=WORKI*WORKI+WORK2%WORK2+WORK3I*WORK3
R{11=SQRT{RSQ)

IF {R{1).NE.D} GO TO S
NANRX=NANRM+1



o

OO0

IF {NANRX.GT.NWSTMI) GO TO 400
WORK1=XA-X{NANRX, JL)
WORK2=YA-Y INANRX, JL}
WORK3=ZA-Z{NANRX, JL)
R{1)=SORTIWORKI*WORKI+WORK 2¥WORK2+WORK 3XWOIRK3)
5 I=NANRX-1
XB=X{NANRX,JL}
YB=Y (NANRX,JL)
IB=Z (NANRX,JL}
10 I=1+1
BEGIN STANDARD TYPE ROW INDUCED VELOCITY CALCULATION,
IPi=1+1
XC=X{IP1,JL)
YC=Y(IP1l,J1)
LC=711P1,JL)
NRETN=0
CIF (I eEQeTolRGIT-1.FQeI) e ANDGJAFQoJANDL72,.FQ.2)
1 CALL SELFIN {I1,T1yJA,0XyQY,QZyNRETN)
IF (NRETN.EQ.1} GO TO 390
WORK1=XA=-XC
WORK2=YA-YC
WORK3=ZA-7C
RT=WORK1#WARK1I+WORK2*WORK2+WORKI*WORK3
IF{RT . GT.TWOELY GO TO 362
IF (RSQ.LTL.FEL) GO TO 364
IF (RTLTLEFL) GO TD 364
NSwW=0
GO TD 389
362 NSwW=1
I=T+NALIM
GO TO 389
364 IF {NSW.LT.1) GO TO 363
I=1T-NALIM ~
NSW=-~1
GO TO 390
363 WORK1=XB-XC
WORK2=YB-YC
WORK3=728-2C .
DORL=WORKI1*WORK1+WORK2H*WORK 2+ WORK3*WORK3
NSW=~2
365 RS=SQRT(RT)
370 RPR=RS+R{NN)
TEST FOR END OF VORTEX ELFMENT (POINT A) INSIDE CURRENT VORTEX
ELEMENT CORE., DEFINF HORG ODIFFERENTLY ONLY IF A IS INSIDE
CORE OF B-C ELEMENT,
WORK1=RINN)
VTEST=RS*RS+WORK1*WORK1-DORL
IF (VTEST.GT.0) GO TO 371
WORK3=RS+WORK1
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3

a0

71

377

383

372

389
290

391

393

WORK3=WORK3%XWORK3

WORK2=RS-WORK1

WORK2=WORK2%W0ORK2 ’
VTEST={WORK3~-DOARL I1*(DORL -WORK2)/{4.*DDRL )
WORK1=A{ NANRM, JA)

WORK1=WORK1*WORK1

IF (VTEST,GT.WORK1) GO TO 371

HORG=0.

WORKS=SQRT(DORL ) *WORK1

G0 1O 377 '

HORG=0.

WORKS=R{NN)*RS*{RPR*RPR-DORL)
IF{WORKS5 s NFe04) HORG=RPR/WORKS
EORNZ={XA=XCI*{YC-YB)—{YA-YC)*{XC~XB)
EORNY={ZA-ZC)*{ XC-XB)—-{ XA=XCY*{ZC-1B)
EORNX={YA-YC)*{ ZC-ZRY-{ ZA-ZC)*{YC-YB)
EHNGX=EDRNX*HORG

EHNGY=EQRNY*HORG

EHNGZ=EDNRNZ*HORG

WORK1=GAMMA(1,JSIG)
WORK2=ABS { EHNGX*WORK1)
WORK3=ABSTEHNGY*VWORK1 )
WORK4=ABS{EHNGZ*WORK1)
WORKI=AMAXT {WNRK2 s WORK3 4WORKS )

IF {WORKL,LE.VMLIMUJISIG)Y GO TO 383
EHNGX=FHNGX/WORK]1 VML IM{JSTG)
EHNGY=EHNGY /WORK1*YMLIM(JSIG)
EHNGZ=EHNGZ/WORK]I *¥YML IM(JSIG)
WORKI=FL/SQRT{DORL)

SGMAX=EHNGX*WORK!

SGMAY=FEHNGY*WDRK1

SGMAZ=EHNG Z*WORK]

R {NN)=RS

XB=XC

YB=YC

1B=2C

QX=QX+{ SGMAX Y AGAMMA{T,JSIG)
QY=QY+(SGMAY }RGAMMAL 1, JS1G)
Q7=QZ+{SGMAZ ) *GAMMA (T, JSIG)
RSQ=RT

IF (I.LT.NANRX) GO T0O 391

IF {1.LT.NWSTM1) GO TO 10

IF (22.EQ.2) GO TO 393
VX{IT40)=VX{TT+J)+0X

VY(IT ) =VvY(T1,J)4QY
VZI{IT,d)=VZ2{11,J)40Q7

GO TO 400

VXM TIT4J)=VXM{TT,J)40X
VYYM{IT,Jd)=VyM(TIT1,J)+QY



VIM(TIJ)=VIMITIT,J14+Q2Z
400 CONTINUE

RETURN

END
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SUBROUTINE SELFIN (1,I14JA,0X50Y,Q7,NRETN)

COMMON /7MODCNT/ NTVM,NWSTRE,NWR,NANRM,NIBRVM,NIBM

COMMON /MODWK1/ GAMMA (54,16),R (1),AM{05,16),VXM(54%, 16),
IVYM(544+16) 9VIMIS54,16) sXM(54,16) yYM(54,16),7IM{54,16)
NRETN=1

A= AM{ NANRM, JA)

11=11

IFr (NWSTRELEQ.II) I1=11I-1

IM1=11-~1

IP1=11+1

XA=XM{I1,JA)

YA=YM{I1,JA)

ZA=IM{11,JA)

XB=XM({IM1,JA)

YB=YM{IM1l,JA)

7ZB=ZM{IM1,JA)

XC=XM{IP1,JA)

YC=YM(IP1l,JA}

IC=IM(IP1,JA) .
CALL POINTA (JA+T sA4JAy0SX s QSY0SZyT13XA YA, ZAyXByYByZIBaXCyVCyZIC,y
1 GAMMA)

AX=QX+OSX

QY=QY+QSY

QZ=Q7Z+QSZ

RETURN

END



SUBROUTINE POINTA (JL,T4AsJSTG,QSX,QSY,QSZ,I1,XA,YA, ZA,XB YB,78,
1 XCsYCyZCyGAMMA)
REAL LTMP{3),MX,MY MZ,MXYZ
DIMENSION GAMMA{54416)
COMMON /MODCNT/ NTVM,NWSTRE yNWR y NANRM,NIBRVM,NIBM
IX=T11 -
JK=0
N=JL
WORK1=XA-XB
WORK2=YA~YR
WORK3=ZA-78
LTMP{1)=SQRT(WORKI*WORKL+WORK2*WORK2 +WORK3*WORK3)
WORK1=XA-XC
WORK2=YA-YC
WORK3=7ZA-12C
LTMP{ 2)=SORT(WORK 1% WORK 1+ WO RK 2% WORK 2 +WORK 3 *WORK3)
ATMP  =A
285 MX={YRB-YA}*{ZA-ZC)~{YA=-YC)*(2ZB~ZA}
MY=(ZB-ZA)*(XA=XC)={ZA=2C )*{XB-XA)
MZ=(XB-XA)*{YA-YC )= (XA~XC )% (YB=YA)
RT=MX%EMX+MYXMY+MZ %M7
IF (RT.EQ.0.) RT=1.
RS=SORT(RT)

MXYZ=RS

DELSQ=(XB=XC ) %.%24(¥YB=-YC ) *%24( 7B~-72C) %%2

WORK3= (G {LTMPLLIXLTMPL2) V32— ( LTMP{ 1} k% 24L TMP{ 2) %%2~-DEL 5Q ) **
12)

IF {(WORK3,.,LE,D) WORK3=5.4E-T70
RT=DELSQ/WPRK3
RS=SQRT{RT)
RSCRP=2,%LTMP (1 }*LTMP{2)*RS
IF (IT.EQ.MWSTRE) GO TO 306
289 RT=RSCRP*xHQ-L TMP{ 1) %*2
JK=JgK+1
IF (RT.LT.0.} RT=Q.
RS=SQRT(RT)
COMPUTE FSMAL DFPEMDING ON L(1)*%2.GE.DELSQIL{2) %%x2,
IF (LTMP{1)*%2-DELSQ-LTMP (2)%%2,GT.0) GO TO 294
292 FSMAL={RSCRP-RS}/LTMPI{1)
GND TO 296
294 FSMAL=(RSCRP+RS)/LTMPI{1)
296 RT=4,%FSMAL*RSCRP/ATMP
COMPUTE TRAILED (JK=1,2) CONTRIBUTION TO
SELF-INDUCED VELOCITY.
GO TO {(300,316),JK
300 1F (RTL.EQ.0.) GO TO 307
FSCRP=GAMMA(T,JSIG)*(AMLOGIRT)+.25)
G0 1D 308
306 IX=1I-1
307 FSCRP=0,

93



308 LTMP{3)=LTMP{1)}
LTMP{1)=LTMP{2)
LTMPL2)=LTMP(3)
GO YO 289
316 IF (RT.EQ.0.) GO TO 322
FSCRP={FSCRP+GAMMALI X4 JSIG) *( ALOGIRT}+,.25} 1 /(2. ¥RSCRPEMXYZ)
C DEFINE TRATLED VORTEX SELF-INDUCED VELOCITY COMPONENT,
322 QASX=MX*FSCRP
QSY=MYXFSCRP
QSZ=MZ%FSCRP
RETURN
END
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OVERLAY (WKOVL,10,40)
PROGRAM STEPX

INTEGEFR OUT,WKPT4CNTR
INTEGER T45.WHW

REAL MXYZ,MUsMUAL T4MUSPK, MUCAT,MUSAT MUDP ,MUSDP y LENTH3LNTH,LOADN,
1LTMPLLSQyMX 4 MY s MZ , MUCDPy; MUSDS yMUCDS y 10, MB o LX y KXX

DIMENSION
D IMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSTON
DIMENSINN
D IMENSTON
NDIMENSION
DIMENSION
D IMENSTON
DIMENSION
DIMENSION
DIMENSTON
DIMENSIDN
D IMENS 10N
DIMENSION
DIMENSION
DIMENSION
DIMENSION
D IMENS ION
DIMENSION
DIMENSION
D IMENSION
DIMENSION
DIMENSION
D IMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
D IMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DTMENSION
DIMENSIDN
DIMENS ION
DIMENSION

A(0S,44)
ALFAL(O1)
ALFA2(01)
ALFAS(01)
ALFAT(O1)
ALPHAN(O1)
ALPHAR(01)
AD(01)
AR(O1)
B(005,40)
RETA({D3,1)
CCLA(OL)
CHORD(01)
DELTA(C1)
DIR(1)
DNTH{G11,040)
GAMMA{05,04C)
GAMMAG{36N)
10(01)
KXX(01)
LNTH(05,44)
LX{01)
MB(01)
MUCDS{1)
MUSDS (1)
NPSI(1)
PSI(1)
PSIR(NT)
RCAP(N1,11)
RSMLL (01, 44)
RZERN(1)
SIGBL{360)
THTAX(Q1)
THTAY (O 1)
TM{3,3) ,TV({2) 2002}, HH(3)
VI(01,01)
VX{05,44)
VY(05,44)
VZ(05,44)
WKX{01,01)
WKY(01,01)
WKZ(01,01)

95



[eRsEe]

OGO
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DIMENSTON X{r5,44)
DIMENSION XROT{01)
DIMENSION XX(n1)

DIMENSION Y(05,44)
DIMENSION YROT{Q1)
DIMENSION Z(05,44)
DIMENSION ZROT{01)

CCMMON /STPSZ/ NRATTIOWNAASLRGWKSLIMLSS, LSWW

COMMON /BETAL/BETAMRETR NBETC,PI+DsU+F,AS,ALPHAL, ALPHAZ2, RO
COMMON /BETA3/DM,0MSQ9A0. AR 9V yRHD4MU

COMMON /TEST33/ NIR,NROT,NWNBRV1 +X,Y,2,AsB,DNTH,LNTH,NAR,NPER,
TISIGT oNWMK o JoyNWMT s NIBV VX VYy VZy NIBRY

COMMON /TESTSS5/ JLsJSTGeNTV4NTV1,M, DPSI,CHORD,RSMLL,RCAP,GAMMA,QSZ
COMMDN /WAKEY1/ VOOMR ¢ NUWKPT sVI yWKXyWKY yWKZ,L0OS5R3,SINB3,NAST,
INIBNAJNWKLSTy NWKR Wy NWKCL yNLPL NLP2,NLP3,NLP4, THOPI

COMMON /CONT/ NASNR,NANR, JAsJJe NNoN,SIGN, IT,NGJR

COMMON /SURIE/Z MAS

COMMON /WKIC/ PSI,CCLA,DIR

COMMON /WK1A/ PSIR,DPSIK,PSIK,DELTA,RREF,MULDS,MUSDS,THTAX, THTAY
COMMON /WKCONT/ NWKPD

COMMON /STEPXA/ WKPT.WW,IDUT,NOTTP1,KAT,NBC

COMMON /MODCNT/ NTVM,NUSTRE oJNHR o NANRM, NIBRYM,NIBM

COMMON /MODWK1/ GAMMAM{54,16),RM{1),AM{05,16),YXM({54,16),

LVYNM{ 544160 JVIM{54,16) oXMU54 416) oYM 54,161 ,7M(54,16)

COMMON /MODUWK3/ AFM{4,11) ,B8FM{4,10)

COMMON /MUVXYZ/ TM,TV4DEL,VDTsRC+CAPPHI,AQ,AZ,YR,ZR,RP4IVAR
COMMON /0UTDI/ NNTV,NEXPWK, NSIGRW,NMODR, NMODC

COMMON /DUTDII/ NWKCLM

COMMON /CONVGC/ GAMMAG

COMMON /WK2C/ SIGBL

COMMON /WK4&4A/ VXX

COMPUTE NEW VORTEX ELEMENT END POINT LOCATIONS

IF (NW.LT.NANRM) NW=N¥+1

IF {(NWSTRE.LT.NWR) NWSTRE=NWSTRE+1
NWSTM1=NWSTRE-1

NWM1=NW-1

NVM2=NMODC

IF (NAS.GE.LSWW) LRGWKS=LRGWKS+1
TF (NAS.NE.LSWW) GO TO 416

INIT FOR SMALL STEPS

FRATIO=FLOATINRATIO)
DPSI=DPSI/FRATIQ
NA=NAA

NANR=NA%NR



NIBNA=NA/NIR
DEL=DEL/FRATIO
VDT=VDT/FRATIO
G TO (4001,4002,4003,4004,4005),1VAR
4001 CALL TURN (TV,TM,DEL,RC,CAPPHI,AQ)
GO TO 4005
4002 CALL ROLL (TVyTMyAZ JNEL,YR,ZR,VDT)
GO TN 4005
4003 CALL SUMPUP (TV,TM,DEL,RP)
GO TO 4005
4004 CALL STYCLB (TV,TM,VDT,DEL)
4005 DO 5 M=1,NROT
MUCDS{M)=MUCDSI{M) /JFRATID
S MUSDS (M)=MSDS(M) /FRATID

TRANSPORT FULL MESH

e EeXel

416 DO 420 M=1,NROT
IF {IVAR,EQ,.5) TV{1)=MUCDS{M)
IF {TVARLEQ.5) TV{3)=MUSDNS{M)
DD 420 1=1,NWM1
K=Nu=-1
L=NW~-1+1
J={M-1)%NIRY
DD 418 JJ=1,NIBV
J=J+1
HH{1)=X{K,yJ}
HH{2)1=Y{K,y g}
HH{3)=7(K, J}
CALL GMPRD {TMyHH3Q53+3+91994+3+3)
XLy J)=TVIII+QU1 ) +VX{( Ky J)XDPS T
YL J)=TVI2)4Q(2)4VY Ky JIXDPST
418 Z(L,))=TVI{3)+QI3)+VZ{K,J)*DPST
IF {1oFQelDR. M, GT.1) GO TD 420
DD 419 N=1,NGJR
419 GAMMA(L NI=GAMMA{K,N)
420 CONTINUE

C
C TRANSPORT MODIFIED WAKE
C

IF (NAS.LT.NANRM} GO TDO 560

CALL MODCOX (NROT JNIByNTV NTVMy A AM,AFMyNEXPWK sNNTV y NMODR yNANRM,
1 NVM2,NAS)

CALL MODCOR (NROTyNIByNTV NTVMaVXy VYo VZ yVXM,VYM,VIM, AFM; NEXPWK
2 NAWKCLM,NMODR o NANRM, NVYM2) :

DO 550 M=1,NROT

IF {IVAR.EQ.5) TV{(1)=MUCDS{ M)

IF {IVAR.EQ.5) TV(2)=MUSDS(M)

NWSTMF=NWSTRE-NANRM

DO 550 I=1,NWSTMF
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K=NWSTRE-T

L=K+1
J=(M=1)*NIBM
DO 510 JJ=1,NIBM
J=J+1 |
HHU1) =XMK4J)
HH(2)=YM (K, J)
HHI3) =ZM(K, J)
CALL GMPRD (TMyHH Q3393519993 43)
XMLy JI=TV(1)#QULI+VX MKy J) *DPS T
YM(Ly JI=TV(2)+Q(2)+VYM(KyJ) *DPSI

510 ZM{LyJ)=TVI3)4Q(3)+VZM(K,J)*DPSIT
IF (1.EQ.1.0R.M.6T.1) GO TO 550
DO 520 N=1,NIBRVM

520 GAMMAM{L yN)=GAMMAM(K 4N}

550 CONTTNUE
CALL GMS (NANRM,NROT,NIB,NTVM,BFM,GAMMA,GAMMAM,NTV1 , NEXPHK,
1 NSIGRW,NMODR,NMODC)

560 DO 441 M=1,NROT

441 PSI(M)=PST{M)+DPSI*DIR(M)
NAS=NAS+1
1E (NAS,GE.NANRM) |
1CALL MODCOR(NROT,NIByNTVoNTVMoXyY o7 o XMy YMyZMy AFMNEXP WK, NNTV
1 NMODRsNANRM, NVM2)
IF (NAS.GE.NANRM+1)
1CALL MODCOR(NRDT, NIByNTV,NTVMyXsYy7 o XMy YM4ZM, AFM,NEXPWKeNNTV,
1 NMODR  NANRM=1 , NYM2)

DUTPUT BRANCH CONTROL

START NEW CDMPUTATION'HITH NO OUTPUT IF NBC.EQ.1

OO0

WRITE (6,3) NAS,NW,NWSTRE
WRITE(T4900) NAS,PSI{1}
WRITE(7,901) ({H{ X(IvJ"Y([vK’,leyK)'I=lyNW)yJ:NTVMyNIBRVyNTVM)
900 FORMAT(I3,614,.,4)
901 FORMAT(16F5,2)
490 CONTINUE
IF (NAS.GEJWW} NWKPD=4
IF (NWKPD,EQ.4) NPFR=4
11=0
IF {KAT.EQ.1) STOP
1F (NAS,GE.HW+NIBNA) STOP
IF(NAS.GT  {24NANRM) . ANDNBC FQ.—10) STOP
IFINRCL.LE.1IGD TQ 440
4446 WRITELIDUT2902) NWNIBRVeTIXETyd) oY (I43J)3Z(T43),1=1,NW)yI=1,
INIBRYV),PST .
WRITELIDUT,902) NWsNGIRS» [ {GAMMALT 4J) s1=1NW)4Jd=1,NGJIR)
440 RETURN
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2 FORMAT {30HOTHE NUMBER OF WAKE POSITIONS
902 FORMAT (213/7(8F10.7))
END

+315)
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Machine Compatibility

The Wake Geometry Program has been run on the University of
Rochester's IBM 360/65 under MVT Release 18, General Computer
Corporation's CDC 6600 under Scope 3.2, and NASA-Langley's
CDC 6600 under Scope 3.0. The program is standard FORTRAN IV and
is also WATFIV compatible. :
Recommended CDC 6600 Overlay Structure

The recommended CDC 6600 overlay structure is that contained
in this listing. For execution on an IBM 360/65 the overlay
statements may be replaced by subroutines by the following types
of statements: .

PROGRAM XXX by SUBROUTINE XXX
and

CALL OVERLAY (5LSKOVL,N,M,6HRECALL) by CALL XXX

where XXX is the appropriate subprogram or subroutine name.
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PROGRAM MAIN

MAIN PROGRAHM

DIMENSION
DIMENSION
DIMENSIUON
DIMENSIUON
DIMENSION
DIMENSION
DIMENSTUN
DIMENSTUN
DIMENSION
DIMENSITUN
DIMENSION
DIMENSTUN
DIMENSIUN
DIMENSICN

DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSTUN
DIMENSION
DIMENSION
DIMENSION

BLD34

COSARY (36)

SNCSTA(36),SNCSIB{36),VBINT{LO,36)

SCTRMA{1O,36)

ASSEL20) yASSLI2D) s AS55TL20)

VA{18 437} yWX{18,37)

CSIXET40) yCSIALTA0)CSTIBLIT40)

DUMBD4(4286) ,DOMBL4(0T16)

SIGKIAL20,201)

SIGKJIB(20,20)

SINEBJ(36)

SINEJ(306)

SAVE{360) ,WBR{10436) yEL{10,36)
HDOT{10436)4PHI(U104+36)yTHET(104y36)

ELNTA(LS) yELNTB(IL ) yEMAA(LB), EAAB{CL)yEIXAL18),EIXB(OL)
e1ZA{18),E1Z8(01)

RBLILO) +RBLA{LIO),RBLB(10)

XINA(L1B) ¢ XINB(OL) +DPHAULS) OPHB(OL1),EIYA(LIB),EIYBI{O1)
UNKWN(3601,5V3{360)

EPA(LR)LEPB{OL) 0LALLB),DLBLOL)»ZAA(18),ZAB(01)
AODOTLL104936) g WPHIL104+38) 9yl THET{10,36)

FURCXA{L10436) o FURCZ{ 1D 936)yEMUMEL{1C+30) yYINA(LB)yYINB{OL)
WEX{10936) oWFZ{10,36) +WEMU(10,36),8BD1L(15),8D2(15}
BI(C10),,BET(1O) )

VOUT(18,37 ), XDO0T(18937)yPHIDT{185s37),SIDT(18,37)

1 CSIDT(20,37)

DIMENSION OMEGAL{20),SIGAI20),AVAL18,20)AWA(13,20) yAPHIA{18,20),
1 ASIA(18,20), ATHEA {18,20),ATA(18,20), AMZA113,20),AVYA(18,20),
2 AMYA(18420),AVZAL18,420),CSIDTA(Ll,306)

DIMENSION OMEGB(20)+5168{20),AVB{01,+20) +AWBIC1,20),APHIB(01,20),
1 ASIB(OL420), ATHEB{CL »201 ,ATB(01,201,AMLB(01,20),AVYB(O1,201),

2 AMYBLOL1,20),AVZIBI01+20),C5IDTB(1436)

DIMENSION DUMSDA(3404),DUMSDBIL)

DIMENSION MACT{10) ,NBCT(10) 4NBSVI10)},JCYC{1D)

DIMENSION  WVBINT (10,36}

EQUIVALENCE (8D1(1),4ZY)+(BDL{2) yTHETA) s (BD1{3)+XRO0A), (BD1{4),AKA)
Ls(BD1L(5),ACA), (BDL(6)sBCA),(BDILT)sISECA),(BOLLB)NRPTA),

2 (BDL{9),CTA),{BDLI(LO)ALPTA),(BDL(11)+sEMTA),(BN1(12},AKIA},

3 (BD1(13):;0M5QA),{BD1{14),RA)

EQUIVALENCE (BD2{1)+ZG),(BD2(2)sTHETB), (BD2(3}),XRO08B),
1{(BD2(4) sAKB) , (BD2(5)4ACB),(BD2(6),8CB),18BD2{7},ISECB),
2(BD2(B) yNRPTB)» (8D2{9),CTB), (BD2(10),ALPTB){BD2(11)EMTBI),
3 (BD2{12),AKIB) +4BD2(13),0MSQB),1{BD2(141),RB)

EQUIVALENCE (DUMBD4(1),
EQULVALENCE (DOMBD4(11},

ELNTALL))
ELNTBI1))
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EQUIVALENCE (DUMSDA(1}),VDOT(1,1))

COMMON /BLD4X1/ ELNTA, EMAA, EIXA, RBLA, XINA, DPHA, EIYA, EPA,
1DLAs ZAA, YINA, OMEGA, PSIRA, SIGA, AVA, AWA, APHIA, ASIA, ATHEA,
2ATA, AMZA, AVYA, AMYA, AVZA, BDl, RWKA, CSALA, NMA, CSIDTA,
3SIGKJA, DAMPCA

COMMGN /7DUMDCM/ ELNTB, EMA3, EIXB, RBLBy XINB, DPHB, EIYB, EPB,
10LB, ZAB, YINB, OMEGLB, PSIRB, SIGB, AVB, AWB, APHIB, ASIB, ATHEB,
2ATB, AMZB, AVYB, AMYB, AVZB, BD2, RWKB, CSALB, NMB, CSI1DTB,
351GKJB, CAMPCB

COMMON/SAD3/CSIX

COMMON /PUNCH/ NPCH

COMMON /CIR/PI1,TWOPILDIS

COMMON /A1/ NBLNBsNRyNWINCVyNR2yMAXMOYNITL NIT2,NIT3
1 CPOMG,IT3

COMMON /T0/7INsNDOUT 177,178

CCMMON /7837 DSI oIJsKTEST ,AMSNA,AMSNB,EMTAL, EMTB14ALLL,ALL2,ROAIR,
1 RA1,RB1yERRSY

COMMON /SHEAR1/ NASHER
COMMON /BLD4X2/ WDOT yWPHI sWTHET s WFX ¢y WFZ o WEMG, NMAS o NMODE4NAPSON
1 NR11
COMMON /BLD4X3/ AMU,NA,NR1
CUMMON /BLD3XL/ ALPT1,ALPTZ,CTL,CT2 s NRNTNA ¢ NRNT yUNKWN,SV3,RBL,

1 FURCZyEMOME yHDOTsPHI y THET »BE#BETSAVE, WBR,EL,FORCX

COMMON /SAD2/ VOUTXDOT PHIDT,SIDTLLSIDT
COMMON /JGARY2/ XINPTLFINPT
COMMON /S6LSLS/ SIGLMyWBRLM
CCMMON ZS4U6/ VXywX
COMMON/PRNT/NPRNT
COMMON /VORTEX/ VBINT
COMMON /MANV1/ SCTRMA
COMMON /MANVZ2/ SNCSIA,FGF
COAMON /MANV3ZS NALR
COMMON fMANV4Z ASSF,ASSL,ASST

COMMUN /MANVSS ALFDTM, PHIDTM

CCMMON /VORINT/ NACT,NBCTsNBSVsCLAAX$DELCL2 4WLOM,CMST2,JCYCLE,,JCYC
1+ APMAX

ARRAY DIMENSICNING VARIABLES

OO0

NOUMRY=4286
NDIIMRY=T716
NCSIRY=T740
NSDBRY=3404%
NSNCRY=36
NVBIRY=10

INIT A AND 43 ROTOR SwWAP STUKAGE

sEele

EPSV=0C,
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oy~

2384

5000

2344

2389

2390

ISw=2

[Sw=1

DO 2384 I=1,NDUMRY
DUMBD4(L)=0.

DU 5000 I=1,NDOMRY
bDoMBD4(1)=0.

D0 2344 I=1,NCSIRY
CSIA(I)=0.
Csis(i)=0.
CSIX{1})=0.

DO 2389 I=1,NSDBRY
DUMSDBI([)=0.
DUMSDA(T)=0.

DO 2390 I=1,NSNCRY
SNCS5TA{I)=0.
SNCSIB(I4=0.

DO 2391 I=1,NVBIRY
DO 2391 J=1,NSNCRY
NVBINT(I,J)=0
VBINT(1,J)=0.

D0 9934 I=1,NVBIRY

NACT{I1)=0

IN=5
NUUT=6
IT7=8
IT8=7

READ MUDEL PARAMETERS

READ({IN, 899)

READIINGSGCD) NOL NByNRyNAJNW yNMASNMB,KTESTy NCV,NROT
READ(IN,SQU0) NITL NIT24NIT3,MAXMD

READ (TNyS00) NPCH,NPRNTNIP

READ {INy900) NVORTX,NAIR
READ(LIN,901) AMUALLL sALLZ wALL2R, AT IME

READ{IN,901) CPOMG,RUAIR

READ (iN,901) XINPT,FINPT

READ(INS901) SIGLM,ywWBRLM

READ {INg901) WCLIMB ALFDTMPHIDTM,ALFRM,FLF
IF{NVORTX.EWwsl) READ({ IN 490LI({VBINT(LsJ)sI=14NR}yJ=1,4NA})
IF{NVUORTX.Edel) READUIN,S00) JCYCLE

[F{NVURTX Edal} REAODIINSS0L) CLAAXDELCLZyWOUM,CMST2,4,APMAX
READ {INs901) (ASSFUI),ASSLLT)»ASST LI,y I=1,MAXMO)

NRL=NR/ 2

IF (NBL.EJde1) NRI=HNR
NR2=NK1+1

NRNT=HR

NAPSIN=NA+1



NR11=NK1+1
NRNTNA=NRNTHNA
NAUV.TUi=NA/2+1
NROT=NBL
MMAS=NMA
NMODE=MAXMO
NASHER=NAOVTO
NC=H{R

WRITE UJUT INPUELS

o NaRe!

WRITEANGUT,899)

WRITEANDIUT 92121

ARTITE(NGUT 2920) NBL NG, NR gy NAyNWsCPOMG s ROATRy AMU
WRITE(NOUT,,924)ALL1,ALL2

IF (FIHPT.LTAB.UR.FINPT.GIsl00, FINPT=.)

ARITEANUOUT 3921631 SITLLM,WBRLHM

WRITE(NOUT9217) WCLIMBALFDTMPHIDTMsALFRM,F5F
IFINVORTXeEuol) WRITF(649218) {({(VBINTE{Es4)+s1=1sNR) ¢y J=14NA}
IFENVORTXEGel ) WRITE(6.,9C0) JLYCLE

IFIRVORTXeFGell WRITE(6200) CLMAX,DELCELZywBCM,CMSTZ L APMAX
WRITE(NOUT, 92193 T,ASSF(TE4ASSLIT) yASSTIT) =L MAXMO)
WRITE(NDOUT 49211}

PI=3.1415925
TAGPI=2.%P1
DSI=TwOPI/NA
NRPL=NR+1
NAPI=MA+1
NP I=Nu+]

L J=NA*NR
ir3=t

Fl=1

12=NR1

Jip=1

CALL INPUT{BI +BETISECANRPTA,ELNTA,EIXA,ELIYAXINA,YINA,

1 EMAAZDPHALEPALDLA,ZAALZALPTAZCTAJEMTA,OMSQA +ARTI A, THETA s XRUTA,
2 AKASRAJACA,BCAJAT A, AMZA,AVYA, AMYA)AVZA,AVA , AWA, APHIA,

3 ASIALATHEA,SIGA,OMEGA4RBLETIZA,RWKA,I1 412+ NMA,PSIRA,DIRA,

1 NAJNRILyNRNT  NMAS,NMODE,NC,DAMPCA,SIGKJA)

DO 7326 1=1,NMAS

DO 7327 K=1,3
7327 APHIA{(I+K}=0.

AVA(144)=0,

DO 7329 K=546
C7329 APHIA(IK)=0.

YOO OOO
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L7326 CONTINUE

c

C

9

OO0

213

1331

CALL GUTPUTITHETA,XRUDA yAKA ACABCASRAZLCTASALPTALZEMTALAKLA,
UMSQA»BE yBETs ELNTA, EMAA,EIXA,EIZA, XINA,YINA,DPHALEPALULA,
LAA SOMEGA, SIGALAVAZAWAZ APHIAZASTAZATHEALATAZAMZA, AVY A, AMYA, AV ZA,
REBL sEIYA RWKAy 114 12, NMA,PSIRA,DIRA,NRLyNMAS,NMODE 4NC 4D AMPCA,
SIGKJA)

E-N VNS

IFINBL=-2)9214,9213,9213
WRITEINDOUT ,,9215)

[1=NR2

12=NR

CALL INPUT(BI,BETISECByNRPTB,ELNTBsEIXBsEIYBXINSy YINB,
EMAB 3DPHB ZEPB +DL B, ZAB,ALPTB,,CTB,EMTB,OMSQB,AKIB, THETB, XRO0B,
AKByRByACB,BLCB+ATByAMZB+AVYBIAMYByAVIB 4 AVB yAWB APHIB,ASIB, ATHESB
1 SIGBsOMEGB yRELELLByRWKBy I1,12,NMB,PSIRB,DIRB,
1 NAZNRLyNRNT ¢ NMAS,NMUDE 9 NC yDAMPCB,SIGKIB)

wWong -

DO 7330 I=1,NMAS
DO 7331 K=1,3
APHIB(I,K)=0,
AVBIL1,4) =0,

NGO 7333 K=5,06

C7333 APHIBA{IK)=0.
C7330 CONTINUE

C

OO

9214

CALL OQUTPUT(THETBXROOBJAKB,ACS yBLO+RByCTByALPTB,EMTB,AKIB,

1 UMSQBBI yBETELNTB,EMAB,EIXB,EIZB, XINBy YINB,DPHB,yEPB»DLB,

2 ZAByLOMEGB,SIGBy AVE, AWB APHIB,ASIByATHEBR sATBAMZBAVYB,AMYB,AVIE,
3 RBLSEIYByRWKByI1,12,NMB8yPSIRBy,DIRB,NR1,NMAS NMODE,NC,LAMPCB,

4 SIGKJB]

RECALCULATE SOME INWPUT VALUES

CNVRT=P1/180.0 :
CALL CONVICNVRTyTHETAZACABCALALPTAsDPHA s NMA,NMAS)
WBARA=WBAR{ AMU,ALPTA,CTA)
WCLIMB=KCLIMB/ {CPOMG*RA)
ALFOTM=ALFDTM/CPCMG
PHIDTM=PHIDTM/CPOMG
ALFRM=COS (ALFRMXCNVRT)
FGF=-FGF*32,.2

AMSNA=AMUXS IN{ALPTA)
CSALA=COS(ALPTA)

AMC SA=AMURCSALA

AMSNB=0.
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[aEaN e

eRsle

eRaNe]

(e eyl

1C6

33

40

50

144

55

59
10

143
160

IF (NBL.NE.2) GO TQ 38

CALL CONV(CNVRT,THET8,ACB,BCB,ALPTB,DPHB,NMB,NMAS)
WBARB=WBAR{AMUJALPTB,CTB)

AMSNB=AMU%S IN(ALPTB)

CSALB=CCS{ALPTB)

AMCSB=AMU%CSALSB

COMPUTE DISTANCES L SUB I J ACCORDING TGO FORMULA PAGE L1II-3

IX1=NR%®NBL
C5I=-DSI*DIRA+PSIRA
SINALS=SIN{ALPTA)

DO 40 J=1,NA
CSI=CSI+DSI*DIRA
SINEJ(J)I=SIN{CSI)

CUSARY (J)=C0SH{CSI)
SNCSIA{J)=SINEJLI)*SINALS

RBLAI) IS PETERS RBAR SUB I AND RWKI{M,l) IS PETERS R SUB M

DO 50 I=1,NR1

BET{I)=BET(L)*CNVRT

DD 50 J=1,NA

SCTRMA(I yJ) ==-WCLIMB+RBL (1) *( ALFOTMA*COSARY{J)+PHIDTM*SINE J( J)*
1 ALFRM)

EL(T,J)=DST*(RBL(I)+AMCSAXSINEJ(JII*DIRA)

IFINBL-1) 1434143,144%
CSI=-DSI*DIRB+PSIRY
SINALS=SIN(ALPTB)}

DU 55 J=1,4NA
CSI=CSI+DSTI*DIRB
SINEBJ(J)=SIN(CSI)
COSARY{J)=CUS(CST)
SNCSIB(JI=STINEBI(IIRSINALS
D3 59 I=NR2 (MR
BET{1)=BET{I)*CNVRT

DO 59 J=1,NA

SCTRMA(L 3 J)=—wCLIMB+RBLLT)I R (ALFOTM*COSARY{J)+PHIDTMASINEBI(J) *
1 ALFR™M)

EL(I 4 J)=DSIH(RBLII)+AMCSB*SINERJ{J)I*DIRB)
JIP=J1P+1

INETIALTZE COLUMN VECTOR OF UNKNOWNWS FOR hVERALL ITERATION

D8 140 J=1,1J
SAVEL{ J) =0,

ENTE® OVERALL ITERATIVE SCHEME
CALL AERUDYHNAMIC PORTICH (8LD I11)



C KTEST = 0 BYPASSES READ OF SIGMA AND MU

c
NNR1=NR1
CALL START (WBARA,AMU, ALPTA,BCA,ACA,AKIA,THETA,DSI,CSIA,
1 BIsBET,RBLyOMSQGA,1,NNRL,AVAINMA,1)4CSIUTA,RA,PSIRA,DIRA,
1 HDOT,PHI, THET,NA,NRNT)
EMTAL=EMTA
RA1=RA
c
C IF GNLY GNE RUTOR IS USED GO TU 83
C
IF(NBL-1)83, 83, 84
84 NNR=NR
NNR2=NR 2
CALL START (WBARB,AMU, ALPTB,BCB,ACB,AKIB,THETB,DSI,CS18),
1 BIJBET,RBL,OMS 0BsNNR2 NNRy AVRBINMB, L) +sCSIUTB+RByPSIRB,DIRB,
1 HDOT PHI , THET yNA,NRNT)
c
EMTBL=FMTB
RB1=RB
CT2=CT3
ALPT2=ALPTR
83 IY=RA
1Q=RA
c
c ENTRY POINT FOUR NEXT TTERATION
c

85 CT1=CTA
ALPT1=ALPTA
GU TO (20044,20D00) 4 1ISw
2004 CALL BLD3
2000 CONTINUE

ASSTIOH CURKRECT FORCES FOR IN2UT TO BLDSG

leNeXel

Ui 93 [=1,1R1
Du 95 J=1,RA
WEX (L J¥=FORCX (1,4}
WEZ(I 4 JI=FORCZ(I,,J)
93 WEMJ{T,J1=EMOME{ [,4J)

DO 931 I=1,NR1

931 RBLALTII=RBLLT
RER=0,
CSQ=0.

ENTER BLD4s HITH PaRaMbTERS FOR FIRST RUTUOR

ey ey &,

1) 2345 [=1,NCSIRY
2345 C5IX{1)=0L51A(1)
C
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CALL 2LD4
C
C ASSIGHN CALCULATED VALUFS FRUA 3LD& TU CURRECT ARRAYS
C
DD 2346 1=1,NCSIRY
RER=RERH(CSIX(I)I-CSIA(TI)I*(CSIX{T)~-C51A(]I))
CS5Q=CSIX{I ) =L IX(I)+CSy
2346 CSIA(L)Y=CSIX(])
D 94 I=1yRHR1
D 94 ley?\lA .
HDOT{ L, JY=wWDUT{1,J)
PiHl{ I,J)=WPHI( I 9\‘)
94 THETLL4JI=WTHET (I ,J)

C
C IF ONLY ONE ROTOR IS USED 50 T 85
C
IF (NBL-1) 9411,9411,86
C
C ASSIGN CORRECT FURCES FUR INPUT TO BLD4.
C
86 00 95 [=NRZyNR
D 95 J=1,4NA
L=T-NR1
WEX{L,yJI=FORCX{I,4)
AFZ(LJd)=FORCZ{T,J)
95 WEMO(L, JI=EMUME(T,J)
B0 951 1=NR<ZyNR
L=1-NR1
951 RbLBIL)=RBL({IT)
C

C ENTER 3LD4 WITHd PARAMETERS FOR SLECGND RUTOR
C
DO 2347 1=1,NCSIRY
2347 CSIXA{I)=CSIB(I)
DO 2387 1=1,NSDBRY
TEMPX=DUMSDA(IL)
DUMSUA( L) =0UMSDBI(T)
2387 DUMSDB(I)I=TEMPX
DU 2386 I=1,NDUMRY
TEMPX=DUMBND4 ({1}
CumMBDa(TI=DOMBD4LT)
2386 DCMBD4 ([ )=TEMPX
DO 3000 I=1,NSNCRY
TEMPX=SNCSIB( 1)
SNCSIB(I}=SNCSIA{I)
3000 SNCSTA{I)=TEMPX
C
CALL BLD4
C
C ASSIGN CALCULATED VALUES FROM BLD4 TO CORRECT ARRAYS
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2385

23E8

2348

3001

941
9411

3021
3026
3028

3039

3010

540

400C

4005

DT 2385 I=1,NDUMRY

TEMPX=0UOMBD4{ 1)
DOMBD4LT)=DUMRD4( ]
DUMBDA4L T I=TEMPX
D3 2383 1=1,N350BRY
TEMPX=DUMSDAL])
DUMSDA(T)=DUMSOBLI
DUMSOBLT)=TEMPX:
DO 2348 I=1,NCSIRY

)

H

RER=RER+{CSIX{T)-CSIB{III=(CSIX{I)~-CSIBLLIN)

CSQ=CSTXLT I *CSIX{1
CSIb{I)=CS51IX(1)

D3 3C0L I=1,NSNCRY
TEMPX=SNCSIB{T)
SNCSIBCII=SNLSTALI
SNCSIA{I)=TEMPX
Il=0

DU 941 I=WNRZ,NR
[1=11+1

DO 941 J=1,aNA
HOOT(I,J)=WbOT{I1,
PHI(I 9J)i=WPHLI(1]1,4d
THET (I J)=WTHET(IL
EPSR=0URTIRER/CSW)
[F{IT3-3) 3028,302

1+LSQ

)

Ji
)
1d)

643021

TFLEPSRLOGT LEPSVY) 6O TG 3030

EPSV=EPSK
WRITEINOUT,940) IT
IF(EPSRGTLALLZ2R)
IF{IT3.EQ.10G00) GO
IT3=-500
WRITEA(NUUT,940) IT
IT3=173 '
IFCIT3.6TNIT3) IT
FORMATI/ 931X ,5HIT3
IF{IT3.EQ.1000) GU
60 10 85

3,£PSR
GO 7O 3010
T0 4000

34EPSR
3=1000

=915,19X,18HRESPONSE
T0 4000

IF (JIP.GEWNIP) STOP
READ (INy901) THETG,AC,BC

THETA=CNVRT*THETO
ACA=UNVRT*AC
BCA=CNVRT*B(C

WRITE (NOUT,4200)
IF (NBL-1) 4010440

THETO 4 AC,BC
10,4005

READ (IN,901) THETO,AC,8C

THETB=CNVRT*THETD
ACB=CNVRT*AC
BCB=CNVRT*BL
WRITE (NOUT,4200)

THETO,AC 48BC

ERRGR =9 G1546/)
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4010 IT3=1

DO 1 I=14NCSIRY
CSTA(I1=0.

CSIBtI)=0.

CSIX(1)=0,
GO T0 10

200 FORMAT (10{1X4E12.5)/)
- 899 FORMAT(80H

1

900 FURMAT (1615)
901 FORMAT (8F10.0)
9212 FORMATI3(/),48X,37THDYNAMIC RESPONSE OF HELICCPTER BLADES,5{/))

520

[« RN ORGP SN o

FORMAT{LH 551X, 13HNUMBER OF RUTORS= ,13,/,

52Xe 1BHNUMBER OF BLADES= ,13,/,

40X, 30HNUMBER OF RADIAL LUOAD POINTS= 4,13,/

37X $3LHNUMBER OF AZIMUTHAL POSITIONS= 413,/

4T Xy 23HNUMBER OF WAKE PUOINTS= ,13,/,

41X,28H ROTATIONAL SPEED CAP OMEGA= 4F9.4,8H RAD/SEC 4/,
353X 9 17HAIR DENSITY RHU= ;F84.54/9

52X3 18AADVANCE RATIO MU= 4F7.3)

924 FUORMAT{32X,3 THCONVERGENCE ON TW0O INNER ITERATIONS =E8.1/

9211
9215

1

3TXs32HLCNVERGENCE OGN GJTER ITERATIUN =E8.1,42(/))
FORMAT( LHO y 48X, 29HBLADE PRJIPERTILS- FIRST BLADE, 3(/))
FORMAT(LHO +48Xy30HBLADE PROPERTIES— SECUND BLADE.3(/})

G216 FORMATL39X,31HLIMIT ON OFF-DIAGUONAL SIGMAS = sFTe44/,

1

35X e 35HL IMIT UN HWaKE-INDUCeD VELOCITIES = »F7.4,//7)

9217 FURMAT {14H0CLIMB RATE = ,El4.7/14d PITCH RATE = 4EL14.7/

9218
1994
7995
1996
9219
42060
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1
2

134 RULL RATE = ,E14.,7/10H ALPHAR = ,E14.7/13H GRAVITY FACTUR =
El4.7)

FORMAT (32HOVURTEX BLADE INTERACTION PHASES//{BE15.61})

FORMAT [6HUFORCZ//)

FIORMAT {6HOFJRCX//)

FORMAT {6HOEACHE//)

FORMAT(2X92H Ky 9Xy5H ASSF,15Xs5H ASSL,15Xs5H ASST/{15,3E20.10/1))

FURMAT (20X33{2Xy015.7))

e
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OO0

SUBROUTINE INPUT(BI yBETsISEC ¢NRPTHELNTHEIX,EIY4XINR;YINRsEMAS,
1 DPHIZEPSyDLZy ZAyALPHT yCT4EMTyUMSQyAKLy THETG s XROOT 9AKL 9R9AC4BC
2 AT AMZ JAVY y AMY yAVZ 4 AV 4 AWy APHIyAST,ATHET 3 S1GyOMEGARBLSELZy
3 RWKyI1eI29NMyPSIRyDIRyNAyNRLyNRNTyNMAS y NMODE sNC #DAMPC , SIGKJ)

INPUT READS IN BLADE PROPERTIES

DIMENSION RBL{1O)

DIMENSION S1G6KJ{20,20)

DIMENSION BI(10),BET(10),ELNTH(18)EIX{18),EIY{18)XINR(1B),

1 YINR(18)EMAS{18),0PHI{18),EPS{18),DLZ{(18)+2ZA{18)+CMEGAL(20),

2 E1Z(18),516(20)

DIMENSTON AMY{18,420) sAV(18,20) yAW(18,20),APHI{18,20),A51{18+20),
1 ATHET(18,20)4,AT{18,20),AMZ118,20),AVY{18,20)+AVZ{18,20)

COMMON /CIR/PL,TACPILDIS

COMMUN Z/AL/ NBLoNByNRyNWyNCVNR2yMAXMU, NITLyNIT2,NIT3
1 +CPCMG,IT3

CUMMIN /IO/IN,NOUT,IT7,178

REAU(IN,9U1) ALPHT yCT s EMT yOMSGWs AK Iy RaK
READ {IN,901) DAMPC
READIIN,901) THETO ¢ XRUDT yAKLyReACyBCyPSIRSDIR
READ(INSSO1) (BI{i}),I=11,12)
REAC{IN,90L) {(RET{I),I=11,12)
DU 16 I=1,NM
READ [INy9CO) ISEC +NRPT
BLADE PROPERTIES RILPEATED AUTUMATICALLY 1F NKPT=1
IFI{NRPT) 15,100,415

1C READ{IN,902) FLNTH(I),EIX(T),&IY(I)1&12(1)9X{NR(I);YINRII)1
1 EMAS(T)DPHICI)EPS(LYDLZUT) s ZA(E)
G TO 16

15 ImMi=I-1
EIX{I)=ELIX{IML)
EIY{DI=EIY(IM1)
ETZ{T¥=el2{1ML)
YINRIL)=YINR(IML)
ELNTHLT ) =ELNTH{ IM1)
EMAS{I)=EMAS (IM1)
XINRET)=XINR(IMI1]
EPS{II=EPSUIML)
pLZti)=pLZ{IML)
pPHI{ 1 1=DPHI{IM])
LAlT)=24(1IM]1)

16 CONTINUE

21 READUING9IDL) {SIGIKIK=12MAXMU)
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DU 22 K=1yMaxmo
READ(5,588) CMEGA(K)
DO 22 I=1,NM

THIS READ Cuuld BE REPLACEU wlTh A 1T8 UNFORMATED READ

OO,

READUIS ySBBIAVIT 9K ) 9 AW T oK) gy APHI (I yK ) g AST (I oK) JATHET(19K) »
1 AT‘I)K) 1AMZ(I]K’ y.”\\/Y(I1K)'ANY(1vK)yAVZ(I|K)
_ A T4K)==An{1,K)
C AVY{ I 4K)==AVY (LK)
22 CIONTINUF
DO 24 K=1,MAXMU
THK=2. % 0MEGA (K )
TOASDAMPC*APHI L 1,K)
DU 23 J=1,MAXMO
SIGKJI(KyJI=TDARAPHI(L,J)
23 CONTINUE
TSIL=SIGIK)
SIGEKI=TSIGCHSIGKI{K K) / THK
SIGK J{K,K) == TaK%TSIG
24 CONTINUE

C
C REPLACE THIS READ WITH IT7
C
KEADI5,589) (RBL{I) s1=11,12)
KETURN
C

900 FORMAT (1615)
301 FUORMAT {8F10.7)
902 FORMAT{10E8.7)
589 FORMATIL1OF8.0Q)
588 FORMAT{S5{G124743X)/+5G15.7)
END
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OGO

27

2711

C

940
9361
9351

935

SUBROUTINE OUTPUTITHFTC o XKUOT s AKL ) ACyBL sy Ry CTHALPHT JEMT,

TAKT yUMSWaBI yBET 9 EINTHyEMAS yEIX2EIZ ) XINKYyYINR,CPHI
2 EPS DL ZAyUMEGAsSTIG AV AWSAPHT yASTJATHET AT sAMZ JAVY JANMY ,AVZ,
3 RBLOWEIYJRWKyI1leIZ ¢WNMyPSIRyDIRGNRLyNMAS yNMODL oNCyBAMPCySIGKI)

PRINTS OUT BLADE PRUPERTIES

DIMENSTION RBL{10)

DIMENSION SIGKJI{20,20)

DIMENSIUN BI(10),BET(L10)ELNTHILIB) yEIX(138),EIY{18) 4XINR(18),
1 YINR(LI8) 9 EMAS(LB) yOPHI(LIB)ZEPS(18),ULL(18)4LA018)y0MEGAL20),

2 EIZ018),516G(20) ,
DIMENS TUN AMY(L8,20)9AVI18,420),AW(18,20)APHI(18+20),AS1(18+20),
T ATHETOL89290) sAT(13 4200 yAMZ{18,20),AVY{(18,20),AVL(18,20)

CUMMON /I0/ INNOUT L ITT7, 1738
COMMDON fAL/7 NBLNB s NRK gNW yNCV yNR2 yMAXMII, NITLyNITZ2,NIT3
1 sCPOMG,IT3

WRITE(NGUT 29221 ) THETO #XRUOT ¢AKLy AC,BCy RyNMy,PSIR,DIR

WRITE (NUOUT,930) CT,ALPHTEMT JAKI yUMSQ s RUKsDAMPC

WRITE(NGUT »932)(8BI{1)},1=11,12)

WRITEANDUT s 933 (BET(I)41=11,12)

ARTITENOUT 4922) ‘
WRITE(NOQUT G251 {1 ELNTH{TY s EIXUTI) s EIYCID) HELZUI) o XINR{T ) 3 YINR( I},
1 EMASUL) yOPHIL I yEPSIINLOLZUT) sZALI) 4151 ,NHM)

WRITE (NOUT,G27)

DO 5 K=1,MAXMO

WRITE (NOUT,y929) (SIGKJI{KyJ) s J=1,MaXMD)

CONT INUE

WRITE(NOUT 4935)

DO 27 K=1yMAXMO

ARITE(INUUT 4936) KyUMEGA(K)sSIGIK ) {1+AV I K AWlI4K}JAPHI(I 4K},
1 ASTI (T yK) JATHETIT sK} 4 I=1 5 NM)

CONT INUE

WRITE{NOUT,9351)

D3 2711 K=1,MAXMJ

WRITE(NGUT 39361301, AT{T oK) s AMZIIsK)YJAVY (T 4K) yAMY (1 ,K)
1 AVZ(I 4K} yI=1,NM)

CONTINUE

WRITE(NJOUT y940) (RBL{I)yI=11,12)

RETURN

FORMAT {(2{/) ,50X,17HBLADE PCINT RADII/{6E20.5))
FORMAT{13X,1445E20.7)

FORMAT(54/ )y 13X y8H SECTIONS 10X 1HT 5 19Xy 2HMZ 9 17X 3H-VY 4 18X, 2HMY,
1 18X,2HVZ)

FURMAT (1H1 459X+ 12HNORMAL MUDES/13X, THSECTION,10X y1HV 419X 41HW,
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118X93HPHI 3 18X92HSI 416X 45HTHETA)
925 FORMAT (1Xs13+3XyFT4493Xy10E11.4)
922 FORMAT(3(/)+s57X,16HBLADE PRCGPERTIES//1X33H 1,4Xe6HLENGTH,6X,
1 BHEIXyBXy3HEIY 48X s 3HETZ 98X 2HI X 309X 92H1Y 9 X9 4HMASS» TX29HDELTA PHI
2 92X THEPSILONAX o BHDELTA LZy4Xy2HZAZIX 9 4HFEET, TX, 3(6HLB=FT2,5X),
3 3{THLB-SEC244X) y THOEGREES 4 X3 (4HFEET 37X )9/
4 42X93(4HFEET,7X)42(/))
930 FORMAT( 46X 23HTHRUST COEFFICIENT CT
1=F9.5/43X326HSHAFT AXIS ANGLE ALPHA S =F7.2+8H DEGREES/
249Xy 20HTIP MACH NUMBER MT =F9.,4/64Xy5H | =FT7.3/54X,15H0OMEGA SQUAR
3EDU =FB8,49/+50Xy19HBLADE POINT RADIUS=9F9.54/,
4 49X, 20HDAMPING COEFFICENT=,F12.5)
933 FORMAT (/30Xs30HBLADE TWIST ANGLES IN DEGREES 3F10.5/{60X+3F10.5))
9221 FORMAT{1H 436X,331{MIMINAL PITCH ANGLE, THETA ZERO = 2FB.3, ;
8H DEGREES ,/y 39Xs3CHUFFSET Ur FLAP H4INGE, X ROOT = 4F9.4,
51 FEET 4/
40X529H LAG DAMPING COEFFICIENT KL = ¢4F9.2415H FT LBS/RAD/SEC 4/
41X 28HCYCLIC PITCH AMPLITUDES AC = 4F7.348H DEGREES +/y
65X 44HBC = 4FT7.3,8H DEGREES, /,
53Xy 1oHROTOR RADIUS R = 4FT7.345H FEET,/,
47X 23HNUMBER OF MASS POINTS= ,13,/
345X 9 24HROTUOR REFERENCE ANGLE = ,F7.3, 8+ DEGREES/
4 42X 27THROTOR ROTATION DIRECTION = ,F£3.0/)
932 FURMAT {(/41X,y1l9HSEMT CHORD LENGTHS 3F10.5/(60X,3F10.5))
936 FORMAT (29X 4HMOOE s 1394 Xy IHrREQUENCY yF1lU64912H RADIANS/SECyS5X,
2 15HDAMPING SIGMA =F10.6/{13Xy14,5E20.71))
927 FORMAT (/10X,17THSIGKJ(K,yJ) MATRIX/)
929 FORMAT {(2X,16F8.2)
END

NP N e
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30

1

SUBRUUTINE COUNV{CNVRT, THETO,ACsBCyALPHT sDPHI yNM,NMAS)
DIMENSION DPHI{18)

COMMON /Al/ NBLsNByNRyNWyNCVINR2sMAXMOSNITLNITZ,NIT3
yCPOMG,IT3

THETO=THETO*®CNVRT
AC=ACKCNVRT
BC=BCHLNVRT
ALPHT=ALPHT *CNVRT

DO 30 I=1,NM
DPHI{TI=0PHI (1) %RCNVRT
RETURN

END
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FUNCTION WHAR{AMU,ALPHT,LCT)

ok

WBAR -RETURNS £ITHER WBARA 0OR wBARB FOR USE IN SUBROUTINE START

AMJCS=AMU*COS(ALPHT)

AMC 52=AMUC SEAMUCS
SUT=SQRTIAMCS2HAMCS2+4CTHCT)
WBAR=SURT L 5*%(SQT~aM(S52) )
RETURN

END
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UBROUTINE START (WBARX gAMUALPHT yBC,AC s 4K1 4 THETOQ,DST,LSI,
1 BI+BETyRBLYyUMSWU L MyAVsCSIDT 4Ry PSIRYDIRsHDUTHPHI  THET s NASNRNT)

DIMENSION BI(10),8ET{10),RBL(10D)
DIMENSICON HDUT{10436) ,PHI{1D,36) qTHET(10,36),LSTDT{1436),
1CSI(20437)

COMMON ZAL/ NBLoNDyNRyNW gHNEVNR2yMAXMOy KT TL oNIT24NIT3
1 4CPUOMG,IT3

C START SETS INWNTTIAL VALUES FOR HDUT, PHI, THET

FNA=NA

HOLD=WBARX+AMUKALPHT

AMUS Q=AMU=AMU
AC={ ¢ 29% (1o +AMUSRQ) *THETOFAMUKAC /3 o~ 25 ¥ AMURBCH*3 [ (L) -HOLD/ 3. +
1 BETAM )% {.2+4AMUSQ/6.) ) *AK ]

AT={{.25+,125%AMUSQI*BCHACRBI(L )/ 3. )%AK ]

BCIR={2.%AMURTHETO) /3441 25443 /o*AMUSQI*AC~-BCHB3TI(L)}/3 .~ S*AMUXHOLO+
L «S*AMURBET{M }i*4K1

CO=,25%AKI

Cl=AMU=AK1/3,

PO=0MSQ-BI{L)*AKI/ 3.

Di=—o 5xAMURS T {L)*AK]

D2=.25%*AMUSQ*AK]

ETAL={{D0-1. )5 {BCIR¥DO-D1I*AD }-(AI*DI-C1*A0)%( ,5*%D2-C0))/
L ({D0-1e)x{DORID0-1e 1= 5%DL%DL) = {.5%02-COY % (DU* [ .5%D2+00)
2 —.5%D1*C1))
CSI1I={ATI~-CLl%*AQ/DO-{5%D2+LD-DL*C1/{2.%D0)I*ETAL)/(D0-1.)

CSIO={A0-.5%D1*ETAL) /DO

DU 100 I=L,#M

SI=-DSI*DIR+PSIR

DO 100G J=14NA

SI=ST+DSI*DIR

SN=sIN(SI)

C5=CL05(S1)

ADOTL Ty J)=RBLAII*(CSII*SN~ETALXCS )+ 5%3 (L )+ ((AC-CSI1)*CS
2 ~{BCHETAL)®SN)-AMUXCS*{CSTO+CSTI*CS+ETAL#SN)

THET{I+sJ)=THETO+ACKSN+BC*CS

PHIACI 9J)=CSIO+CSIL*CS+ETAL*®SN

IF (TeEQeleDRTLEQeNKZ) CSIDT{ 1 J)=CPOMGAR*{CSTL*SN~ETAL*CS)/ AV

IF {1eEQeleCReI-EQeNR2) CSE{L1sJ)=—RE*PHI{IJ)}/AV

HOOT(I,J)=0,

PHI(IyJ)=0.

CS1{l,44)=0.

100 CSIDT{14J)=0,
C

WRITE(6,22)

WRITEL(H22C0 0 L{THET (14J)sJ=1,NA),I=L+M)

RETURN
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20

200

21

22

23
9876
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FORMATH 6HOHDOT ,//)
FORMAT(LO{1X,E1245)4/)
FORMAT{ OHCPHI 5 //)
FORMAT( 6HCTHET ,/7)
FORMAT (6HOCSIDT//)
FORMAT (1HO,6E15.7)
END



1¢00
1010

100
200

240
2790

210

SUBRUUTINE HARMN (NMyNADSI,FsMTYP,NMAS NROW,NCOL)

DIMENSION A(18,19)yBU{18,y 19}y F(NRUW,NCOL)

WRITE(6,900)
NCNT=1

NAP 1=NA+1
NADZ2=NA/2

NS =NAG2/5

N5T 1O=(NAU2*10} /5

IF{NS5*10-N5T10) 10006,1010,1000

Nb=N5+1
CONT INUE
ANA=NA
T=2,/ANA

GU TO {14929394+5,0)4MTYP

WNRITE(5,901)
O TO 6
WRITE{6,902)
6O TO 6
WRITE(6,503)
GU TO 6
WRITE(6:904)
G0 TQ 6
WRITEL6,905)
CONTINUE

D0 240 L=1,NM
DU 209 N=1,iHAQZ

A{L,N) = 0O
B{LsyN) = O
M=N-1

DU 100 K=1,NA
AKDST={K-1)*M*¥DS]
C=COS(AKDST)

S = SIN(AKDSI)

ALL yNY=A{L yNI+CRF{L,K)
BILyNI=BILyN)+S*F (LK)
CONTINUE
BILyNI = TxB{L,N)
A(LyN) = THA(L,N)
A{Lsl) = o5%A4(L,1)

CONT INJE

NG2=0

NGRP =9

WRITE(6,906) {(N,yhN=1,5]
WRITE{6,908)
NGRP=NGRP+1

NG1=NGZ2+]

NG2=5%NGKRP+1
THINGRP-NB) 220,215,3C0
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215
220
250
255

260

265

300

80

85
86

900
901
902
G503
904
905
906
907

308

909

9190

911
920

120

NG2=NALI2
TFONGRP=1}) 250,250,260
DU 255 1=1+NM
WRITE(6s9L2) TaALL sl o CALT 5 b g (0T M) g Ny i)
68 TO 210
NX1=NGl-1
NX2=NG2~-1

IF ANGLl.EQ.NG2) 60 TO 3090

WRITE{ 049071 (NyN=NX1,NX2)
WRITE(5,909)

DO 265 1=1,40NM
WRITE(6,9111% Iy(A(IyN’vﬁ(IyN’y'{*l':NGlyNGZ)
GO 10 210

CUNTINUE

IF (NCNT.6GT.0) RETURN

D} 86 I=1,NM

DO 86 N=1,NAUZ

U=Aa{l,N)

V=B(I’N)

G=SURTLUXU+VHV )

ARKG=(0.,

IFL G EW.0.,)60 TO 85
ARG=ATANZ(V,U)
B{I,N)=ARG

AlI,N)=06

WRITE {6,920)
NCNT=NCNT+1

IiF {(NCNT.LT.21 60 TO 270
RETURN

FORMAT(IH 43{/) 57Xl THHARMCNIC ANALYSIS)
FORMATL{53{/) 260X 1 1HLEFT TORQUE)
FORMATA{3 (/) 59X 9 13HLEFT Z MOMENT)
FORMAT{3(/)455X,13HLEFT Y SHEAR )
FORMAT(3{/) 594, 13dLEFT Y MUMENT)
FORMAT(34/) 59X y13HLEFT Z SHEAR )
FORMATI20/) 9 8Xe5HAN = 0433X¢5{9Xy3HN =12,8X})
FORMAT (2171} 48Xy 5(17Xy3HN =12))

FORMATAS5H I +5X,1HAS{11X,1HA,10X,1HB))
FORMATIOH ~ I 46X95(011X,1HA410X,1HB))
FURMAT (I3 E11.4+5(1Xy2E1Le4))
FORMATII3,11X45(1X,2E11441})

FORMAT {1H ///+51X,29HHARMGNIC ANALYSIS, PULAR FORM)

END



SUBROUTINE BLD23

THIRD PROGRAM [N BLADE LCADS SEGWUFRNCE
SUOLUTIOUN DOF EQUATIUNS BY ITERATIUN

OO0

DIMENSTUN USAVZE(360),L0(10,36),C01{104361,SI5MA(360)

DIMENSION UnNKWN{360),SV3{360),RBLILO}FURCX{(10,306) yFURCZ{1D4+306)
DIMENSION cMOME{L0+36) ,HDOTL10+36)sPHILL0+36),THET(L1G,36),8I1110)
DIMENSION BET{10)+SAVE(350) 4WBRILG30)4+ELILO,36) '

CCMMON /CIR/PITHOPLESDIS

CUMMON /ZI0/INGNUOUTIT7,178

COFMUN FAL/ NBL B NEyNWJNCVNRZyMAXMO ETLNITZNIT3

1 +CPEMG,IT3

CUMMON /B3/ DSTsIJ KTEST AMONA,AMSNBLEMTAL,,EMTBIALLL JALLZ 9 ROGALIR,
I RAL,RBLEKRSY

COWMMON FBLAD3S CHPOLAMNAZ yAMNB2 yET2,,0N2DS 91711 4CMPAR

COMMON /FBLDAXZ/ AMUNALNRI

COMMON /FBLD3XL/ M PTAGALPTE 4CTALTB, NRNTNAy NRANT  UNKWNySV34RBL,

I FORCZy EMOMEHDOTPHI o THET 51 9yBET,SAVE s WBRy EL FORCX

NANK =NA¥NR
NRNA=NR¥* NA
3396 IF{IT3.NECL)Y GO TO 37C
3398 DU 3397 I=1,NANK
339%F  SV¥3{11=0.0
EXd9) IFIKTESTI3134573,372
373 DO 3333 M=1,NKNA
3333 SIoMA({MI=0,
372 IF (KTEST) 20420,2
2 REWIND 177
REWIND IT8

DEFINE NECESSARY CONSTANES

OO0

20 CROTP=L./THOPI
FNA=NA
PIOZ2=P1*.5
OW2BD5=0.5/DS1
AMNAZ=AMSNA*AMSNA*DS1%DSHI
AMNBZ2=AMSNB #AMSNB*DST*DSI
1T1=0
112=1

TEST OGN OUTER AND MIDDLE ITERATION

oo

[F{IT3.NE.1} GO TO 50
40 [F{IT2-13141,41,50
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41
43

301

57

42
44
50

OO0

944

IF{KTEST1424424+43

READ (1T78) (UNKWNIK) sK=1,NANR)

IFIKTEST.06T.1) READ(5,901) (UNKWN(K),K=1,NANR)
FORMAT(8F1L0.6)

DO 57 K=14NA

M={K-1)%NR

D0 57 J=1,NR

I=M+d

UNKWNL{I)=UNKWNTT)/BI(J)

GO T4 50

DO 44 I=1,14

UNKWNI1)=.01

CALL GAMAS (AMULALPTA,ALPTB,CTA,CTBsNRNTNANRNT s NASNR]L,
1 USAVEyUNKANSCUOCOLySIGMA3SY3,RBLyFORCXyFORCZyEMUMEHDOT,PHI,
2 THET 81 yBETySAVE,WBR,yEL) '

CMPD=0.,0

CMPAR=0,0

CHECK FOR CCNVERGENCE ON OVERALL ITERATION

DO 302 INDEX=l,1J
CMPAR=CMPAR+ { UNKWN{ INDEX)I=SV3{INDEX) ) *%2
CMPO=CMPD+H{UNKWN{ INDEX ) } *%2
SV3{INDEX)=UNKWN(INDEX)

EPLON=SQRT{ CMPAR/CMPD)

IF (iIT3-3) 3028,30256,3021

CUTUFF UN OVERALL TTERATION FUR SEVERE DIVERGENCE

IF(EPLON-ERRSV) 3026430264303

ERRSV=EPLON

WRITE(NOUT,,240) IT3 4yEPLON

IFIEPLON=-ALLZ2)3C3,303,310

IF(IT3.LT.0) IT3=1000

WRITE(RNOUT2940) IT3,EPLCN

IT3=1T7T3+1

IF (IT3.6TWNIT3) IT3=1000

IF{IT3.EQe1000) WRITE(NDOUT»993) [(WBR {T4J)sI=14NR)sJ=14NA)
FOURMAT(3X 4 3HWRR/ /4y (8615.5) )

IF (IT3.EQ.10C0) CALL HARMN {(NRyNAsDS1yWiBR36905 10, 36)

CALL BLD3B {(AMULALPTAZALPTB sCTA,CTH o NRNTNA o NRNT 9y NAZNRL,
1 USAVE UNKWNyCO,COLySIGMAZSVY34,RBLyFUORCXyFURCL JEMOME yHDOT,,PHI,
2 THET +BI yBET ¢SAVE 4WBRyEL,INDEX)

RETURN

FORMAT{2{/ ) 130X s5HIT3 =,15,39X, THERFUR =,E15.7/)

END



SUBRUOUTINE GAMAS (AMU, ALPTA, ALPTB,CTA,CTB NRNTNA,NRNT,NA,NR1,
1 USAVE UNKWN,CO,COLsSIGMA,SV3 4RBLFORCX yFORCZ,EMGME,HDOT,PHI,
2 THET,BI,BET,SAVE,WBRyEL)

DIMENSION SQ{104+36)4,AP{10,36)

DIMENSION SCTRMA(10,36),VBINT{10,35)

DIMENSION USAVE(360)+C0{104+36),C01(10+36),SIGMA(360)

DIMENSION UNKWN{360)s5V3(360),RBL119),FORCX{10,36),FORCZ{10,386)
DIMENSION EMOME(104361:HDOT(10,36)+PHI(10+36),THET(10,361,81(10)
DIMENSION BET{10)»SAVE{360)yWBR{10,36),EL(10,36)

CCMMON /APSJ/ AP,SQ

COMMON /CIR/PITWGOPL,LDIS

COMMON /IO/INGNOUT,ITT7,1T78

COMMAON /A1/ NBLyNByNRyNWyNCVyNR2,MAXMO,NITLyNIT2,NIT3
1 LCPOMG,LIT3

COMMUN /837 DSI1J9KTEST2AMSNAyAMSND yEMTALSEMTBL ALLI ALLZ s ROAIR,
1 RA1,RBL,ERRSY

COMMUN /78LAD3/ CMPDU,AMNAZ AMNB2 4172 ,0N2USIT1,CMPAR
COMMON /756GSLS/ SIGLM,WBRLM

COMMON/PRNT/NPRNT

CUMMON /VORTEX/ VBINT

COMMON /MANVL/ SCTRMA

COMMON /MANV3/ NAIR

DO LGOPS TO COMPUTE CERTAIN CUEFFICIENTS AS FUNCTIONS OF RADIAL
POSITIUN AND AZIMUTH WHICH APPEAR IN EXPRESSIUGNS FOR UNKNOWNS,

;O Oon

NRI=NR2~1
NANR=NA%*NR
NAMB=NA/NB

S Ui 100 JJ=1,NANB
PG 100 MROT=1,KHBL
DU 100 K=1,NR
J={JJ+K=1 }*NANB)
JMl=0-1
JPl=J+1
IFCJML) 55,455,960

55 JM1=NA
LU TO sb

60 1F(JPI-NA} 65,965,62

62 JPi=1

65 VU 100 1¥=1,NKR1
I=1M+ (MROT-1¥%NR1
IF {I-NR1)3137,3137,3138

3137  AMUSN=AMSNA

AMSNZ =AMNA2
EMT=EMTAL
WOR (T o Ji=WBAR(CAMY, ALPTA,CTA)
GU TO 3139
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31

31

[2Eale

OCOOn

124

38

39

04

20
£3
73

75

80

81

AMUSN=AMSNS

AMSN2=AMNBZ

EMT=EMTRBI

WORII »Ji=wBAR(AMULALPTE,CT )
CONT INUE

LF(RTEST)63403,064

READ (IT7) HASET»{SLGHALIM) =1 4NANR)
SAHS=ABS (S TOGMA(MSET))
SABS=S5ABS*S51ulH

DG 20 M=1,MNARR

IF(M.EQ.MSET)Y U TG 20
SABSM=AGS{S1IUuMALM))
IF(5A8SM.LT.5AB3) GU TO 20
SIGMA(M)=STOAA{M)I =S 16LM/SABSH
CONTINUE

INDEX={J-1) #NrR+1
INIMI={(JML-1)%ENR+]
TRIKTESTL.EQ.J) GO TO 82
WBR{I,4)=0,

RECOMPUTE wuUWNWAbLBH VALUES ACCORDING TU PAGE TII-4, TF IT2=1.

DO 75 M=1,RNR

DU 75 WN=1,NA

IND=(N-1)%*NR+Y

WBRA{T o J)=WBR(LIJ) =BT (M}*SIGMA(IND)SUNKWN{LIND)
WABS=ABS(WBRI{1,J))

IFIWABS LT .WBKLM) GO TO 80

WBRI{T9J)=WBRITy JI®WBRLM/WABS

COMPUTE U ACCURDING TO PAGE IT1I1I-3 AND V ACCORDING TO PAGE I11-4

U=eL(isJd) /oSt

V=HDOT (I, J )~ AMUSN=WBR{ I+ JI+STTRMA(1,J)
SQTUV=SQRT{ R+ VHY )

SQIET,d)1=SQTUYV

ARG=0 o

IF (SQTUV.NE.O.) ARG=ATANZ(V,U)
APHIJ=BET(II+THET(1,J) +ARL
AP({ILyJ)=APHIJ

SUBRUOUTINE SERTES CUMPUTES VALUJUES OF CLIFT=LIFT COEFFICIENT,
ASLOP=LIFT CURVE SLUOPE, CMUME=AMOMENT COEFFICIENT, CURAG=DRAG
COEFFICIENT

IF {(NAIR.EQ.1) CALL NACA15 (APHIJ,CLIFT,CORAG,CMOME,ASLOPEMT  U)
IF {NAIRL.EQ.1} GO TO 81
CALL SERTIES (14Jy1+EMTyU,V,APHIJ CLIFT,ASLUP,CMOME,CDRAL)

IF {VBINT(IsJ)eNEWO.) CALL INTRAT (I,J,CLIFT,CMOME,NA,DSI,APHIJ)



UAPVO =UxASLOP+VRCLIFT
Ca(1+3)=unPvC/S5QTUY
COLLI»J)=CLIFT*SQTUVHCO{TIJ)*WBRITL,J)

INITIAL GAMMA VALYES ACCORDING TU FUKMULA PAGE 111-9
PETERS GAMMAS AKE UNKWNOINDEX) IN THIS PROGRAM

OO OO0

SKIP FOLLUWING WHEN IT3=1 ANUL USE INPUT FRUOM BLADE LEO
95 IF{IT3~-1}11CG,4100,4951
951 IF(LIT2-1) 37+G74100
97 INDEX=(J-1)*NR+]
UNKWNCINDEX) =SGTUVHCLIFT+PLI*BI(II*X{(THET (I JPL)-THET(LyJM1})

1 *GN2DS+PHI(1,41))
C
100 CUNTINJUE
C
[FINPRNTLTL1) GO TO 1000
WRITE {(6,9998) {({SQllyJ)sd=1NA),I=1,NR)
wRITE (6,9997) ({AP{1,4),J=1,NA),I=1,NR)}
C

IFINPRNT.LTL 1} GO TO 1000
WRITELE29999 ) (WBR{Tyd)sd=1,NA),I=1,NR)

1C0C TF(KTEST) 110,110,102

102 REW IND 177
IF (IT3.EQalANDIT2.EQW1.ANDKTESTLGTND) RETURN

OO

ENTER ITERATION SCHEME ON GAMMAS

116 ITi=IT1+1
IFCITI-NITL) 1159115,360
115 CSI=-DS1

JPOATE VALUES OF GAMMAS ACCORDING TO EW 3 PAGE I11-5 IN THE
FORM SHOWN ON PAGE 111-5A

OooOo0O0

DU 300 JJ=14NANSB
DO 300 MROT=1,NBL
DO 300 K=1,NB
J=UdJ+{K-1 ) *NAND)
DG 360 IM=1,NR1
I=1M+{MROT~1)*NR1

INDEX={J=1) #NR+1

IF(KTEST) 13641064107
107 CONT INUE

READ (ITT7) MSET,{SIGMALLM) LPM=]1,NANR)
SABS=ABS{SIGMAIMSET))

SABS=S5SABS*STGLM

DO 21 M=1,NANR

IFIM.EQ.MSET) GO TU 21
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10

15

[aEeNe

11

(e e}

c oo

21

b

120

125

145
146
8]

155
160
165
170
200
1

300

3

304

350

360

SABSM=ABS{ SIGMA(M))
IF(SABSM.LT.SABS) GU TO 21
SIGMA{M) =SIGMA(M)*SIGLM/SABSM

CONT INUE

CONTINUE
DENOM=1.-BI{1)*(CO(I,J)*SIGMALINDEX))
IF (ABS{DENOM)-1.E-06) 120,120,125
WRITE (NOUT,979)

GU TC 300

USAVE{ INDEX ) =UNKWN ( INDEX )

SUM1=0.

DU 150 LM=1,NR

DO 146 LN=1,NA

IND=(LN=1)%NR+LM

IF(IND-INDEX) 14551464145

SUML==b I (L4)%S TGMA { TND ) *UNKWN ( IND) +5Ui1
CONTINUE

CONT INUE

JMl=J-1

IF(JML) 155,155,160

JM1=NA

INJML=(JML~1 ) ¥NR+]

JPl=J+1

[F(JPL-NA} 200,200,170

JP1l=1

UNKWN{INDEX)}= COM T J)+PI*BILI)H{{THET(I JPL)-THET{I,JM1)}*UN2DS

+PHI(I19J))-CO0T,d)*5UM]
UNKBRNCINDEX) =UNKWwN{INDEX )/ DENCHM
CONT INUE

END UPDATE UF GAMMAS

IF(KTEST )3044304,113
REWIND IT7

CHECK FOR CONVERGENCE ON INLECMOST {TERATION

CMPAR=0.,

CMPD=0.,

DO 350 INDEX=1,1J
LMPO=CMP O+ {UNKWENTTNOEX ) PX%2

CMPAR=CMPARF (UNKWN{INDEX)I-USAVE [ INDEX ) ) %2
EPLUN=SURT{CHMPAR/CMPD)

WRITEANUUT,942) IT1,EPLUN

IF(RPLON-ALLL) 369,360,110

CHECK FUR CONVERGENCE ON SECCGND LEVEL 1TERATION

[Ti=¢
CMPAR=( .



DO 379 INDEX=1,1J
379 CMPAR=CMPAR+ (UNKWN ( INDEX }-SAVE( INDEX) ) *%2
EPLUON=SQRT{CMPAR/CMPD)
WRITE(NOUT,941) IT2,EPLUN
IF{EPLUN-ALLL) 500,500,380
380 IF{IT2-NIT2) 390,390,500
390 IT2=1T2+1
DU 400 INDEX=1l,14
400 SAVE{ INDEX)=UNKWN{ INDEX])
6GJ TGO 590
500 RETURN ‘
975 FURMAT {//52X,16H3TIVISION BY ZERG//)
941 FORMATI(2(/) +30X45HITZ =, 154 30Xy THERROR =,E15.7/)
942  FORMAT(2{/) +30X,5HITL =,15,30X,7HERROR =,E15.7/)
9997 FORMAT{6HOAPHIJ/19G13.5))
9998 FORMAT(6HOSQTUV/(90613.51))
9999 FORMAT(/1HO, 3HABR/IIG13.5))
END
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SUSREOUTTINE BLD3B (AMULALPTALALPTBCTASCT3 NRNTNASNRINT JNALNRL,
1 USAVE ;UNKANCIelO1yS5T6MA,SV3,RBLFOKCX yFURCZ $EMOME HDUOT P,
2 THET 981 +BET ¢ SAVE 2 WBRy EL INDEX)

DIMeNSION Sa{l9435),AP(13,36)

UDIMENSIUN SCTRMA{LIC,36),VBINT(10,36)

DIMENSION USAVE(360),CU0(10436),C0L{10,+361),S16GMA(360)

DIMENSIOn UNKWN{360),SV3I(360),R3L{I10},FORCX(10436),FORCZ{10,36)
DIMENSIUN EMUMELLD,36) ,HDOTL10,436) 4PHIT104+36) THET{10,36),81(10)
DIMENSION BET{10),SAVE(360),WbR{10,36),ELL10,36)

CUMMON /PUNCH/ NPCH

COMMON /APSG/ AP4SQ

COMMON /MANV1/ SCTRMA

COMMIN /MANV 3/ NAIR

COMMON /VURTEX/ VBINT

COMMON /CIR/PIsTHOPI »DIS

COMMON /107 INNCGUT 177,178

COMMON /A1/ NBLaABNRyNWoNCVaNR2yMAXMO,NITL,NIT2,NIT3
1 JCPOMG,LIT3

COMMON /B3/ DSToITJsKTEST AMSNA,AMSNByEMTALEMTBL1,ALLLALL2,ROAIR,
1 RAL,RB1,yERRSV

COMMON /BLAD3/ CMPU S AMNAZ JAMNBZ yIT2,0N2DS5+1T1,CMPAR

CCMPUTATIOUN FOR BLADE LUOADS

YOO

WRITE {(6,98372) (UNKWNLINDEX)INDEX=1,14)
IF{IT3.LT.500) G TO %8
IFINPCH.NEL.2) GU TO 58
DO 57T Jd=14NA
M={ J-1)*%NR
DO 57 I=1,NK
K=M+ 1
57 UNKWNIKI=UNKWN{K)*BI (1)

WRITE(3:901) {(UNKWN(I),I=1,1J1}

G01 FORMATE(BF10.6)

58 CUNTINUE

3121 DO 825 I=1;NR
IF {I-NR1)¥312743127,3128

3127 AMUSN=AMSNA
AMS NZ=AMNAZ
EMT=EMTAL
GO 1O 3129

3128 AMUSN=AMSNB
AMSNZ =AMNB2
EMT=EMTB1

3129 B802D0S=0N20S*BI{1)
TPIB2=0L.*PI*BU2DS*BI({T)
DO 700 JC=14NA
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oM

amo

OO

5351
545

600

605

506

760

702

705
7C7
710

J=4C

JMl=JC~-1

IF{JML) 5351,5351,545
JM1=NA

INDEX={JL~1 ) ENE+]
INJML=(dML—-1)%NKR+]
U=el{T,3C17051

VaHOOUT (19 JC)~AMUSN-WBR (T4 JCI+SCTRMAL 1, J )
SHTUV=ESGRT{Ukij+VxY)
SU{1.,J0)=5QTUV

ARG=D,

IF (STUV.EG.De) GU TU 605
ARG=ATANZ2{V )
APHLIJ=RET(I)+THET{1,dC)+ARG
AP{I4JCI=aPHIJ

IF (1T3.E0.1000) 60O TO 700

RECOMPUTE CUEFFICIENTS FROM SERILES SUBRUOUTINE

IF (NAIR.EQe.i) CALL NACALS (APHIJCLIFTsCIRAGCMOME, ASLOP,EMT,U)

IF (NATH.EQ.1) GU TO 606
CALL SERIFES (I14342+EMT 42UV, APHIJLLCLIFT, ASLOP,CMOME,,CDRAG)

1F (VBINT{I4J)NFOW) CALL INTRAT {I,4,CLTFT,CMOME.NA,DSL,APHIJ)

LOMPUTE CAP 1 FUNCTIUNS GIVEN UN PAGE 11i-8
COL14JC)= 2. *BOZ2DS*HCMEMEXSYTUY
CUMPUTE BLADE LOAGS ACCORDING TO PAGE 111-7

EMOME(1,4JC)=2.,CMCMEXSQTUVRSQTUV
FORCZIT o JCY={UXCLIFT+V*LDRAG)I ®5QTUY
FORCX AT 4301 =(=V*CL IFTHURCDRAG ) ®*5QTUY
CONTINUE

IfF (IT3.EQ.1000) GO TO 825

CORRECT BLADE LOADS FOR J+1 AND J-1 TERMS

DO 809 J=1,NA
JMi=4-1

JPl=g+1

IF(JIML) T702+702,705
JHLI=NA

GO TQ 710

IF{J-NA) 710,707,707
JP1l=1
INDEX={J~1)%NR+]
INJMI=(JML -1 )¥NR+T
INJP1=(JP1-1)*NR+1]
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FORCZATI yJ)=FORCZ(I yJ1+BO20DS* (UNKWN{INJIPL I-UNKWN{INIML))
FORCZ{T4)=FORCZ(1,4J)+4CO(1,JP1}-COLI,JM1)
EMOME( T, J)‘bMPME(IoJ)-.ZS*BDZDS*(UNKNNlINJPl)-UNKWN(INJMl))
800 CEMUME(T sJ)=ENCHELT J)-TPIB2% 25%ON2DS*{( THET{ 1 JPL)—-2.*%THET{1,4)
1 +THETLT,JML) }=TPIB2/ 16 *(PHI(I,JPL)-PHI(] s JM1))
825 CUNTINUE
C

C
IF (IT3.EQ.1300) WRITE (6498781 ((SQUI+JC)yJC=1,NA),I=1,NR)

IF (IT3.EQ.1000) WRITE (6498771 ({AP{I1,JC)4JC=14NA),I=1,NR)
896 CALL BLD3C {AMUy ALPTALALPTE yCTA,CTB s NRNTNA oNRNT4NA4JNR1

1 USAVE,UNKWNCO4C01 9SIGMA,SV3,RBLyFORCX 4 FORCZY EMOME,HDOT,,PHI,

2 THET,BI QBETyS&VtQWBR’EL’INUEX'

RETURN

9872 FUORMAT {(7H GAMMAS//110G12.4))

9877 FURMAT { 6HOAPHIJ/(18BFT7.3))

9878 FORMAT { 6HOSQTUV/(18F7.3))
END
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SUBROUTINE BLD3C (AMUSALPTA,ALPTB,CTA,CTB, NRNTNA,NRNT,NA,NR1,
1 USAVE»UNKWN4CO,CO19sSIGMA,5V34RBLFORCXFORCZ 4EMOME sHDOT 4PHI,
2 THET BI +BETsSAVE,WBR,ELy INDEX)

DIMENSION USAVE(360),C0(10+36),C01(10536),51I6MA(360)

DIMENSION UNKWN{360) +SV3{360),RBL{10),FORCX(10,36},FORCZ(10,36)
DIMENSION EMOMEL L0s36) +HDOT{10,36)yPHI(10,+36),THET(10,436),81{10)
DIMENSION BET(10),SAVE{360},WBR{10,36),EL(10,36)

CUMMON /CIR/PIZTWOPILDIS

CCMMON /I0/INyNOUTITT741IT78 ,

CUMMUN /AL/ NBLyNByMRyNWaNCV " RZ g MAXMUyva Ly NLT L 400l T 5

1L yCPUML,IT3 :
COMMON /B3/ DST,1J,KTEST,AMSNA,AMSNB,EMTAL: EMTB1,ALLL,ALL2,ROAIR,
1 RAL14RB1,ERRSY

COMMON /8LAD3S/ CMPD, AMNAZ, AMNBZ2: IT2,0ON2US 1 T1,CMPAR
COMMON/PRNT/NPRNT

MUDIFY LOADS FOR RESPONSE COMPUTATIUN ACCURDING TO PAGE Iv-8

RN gRe]

ENTRY BLD3C1
IF(NPRAT.LT.2) GO TO 9
8§96 WRITE(NOQUT,980)
DO 850 J=1,NA
I=1
ARITEINOUT 28961 )1 9J+FURCZLUT 4 J) oFURCX{T 9 d) 4EMGMEL(T,J)
850 WRITEANGUT 9981014 FORCZOTyd )y FORCX(T 9 J) s EMUME(T +J) 91=2,NP)
9 IF(1T3.EQ.1000) GO TO 891
CPSQ=CPOMGHRC PUMG
871 R=R AL
273 FAC =ROAIR®CPIGRKRER®R
DU 87 M=14NK
FACTR=FAC =*RI(M)
D0 BT N=1,NA
TOARY=THET My N}+BET (M)
EMUOME (M) = (EMOME(MyNI- 5% (FORCZ{IMyN)*CUOS(TGARY )+
1 FURCX{ My M) RSIN{TGARY) V) RFACTR*REBI (M)
FURCZ(MsN)=FUPCZ{MaNIFEACTR
27 FORLCXIMsNI=FORCX{M N} *FACTR

TF{IT2-10001Y 465,891,891
891 WRITEANLUT 233)
CNAUVTU=NA/ZZ2+1
NROW=10
NCUL=36
WRITEANUUT»993) ({FURCZIT +4) »I1=1,0NR) 3J=1,NA)
ChLL HARMNINRyNAJDSI«FURCZy 69 NMAS,NROW, NCUL )
win I TE ANUUT 9,984 )
WRITEANOUTy9973) {(FORCX{T4J) 3121 ,NR) yJ=14RA)
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CALL HARMN(NR yNA4OST 4FORCX 96 yNMAS yNRUW, NCOL)
WRITE(NUUT985)
WRITE(NOUT y993) (LEMOMELTLyJ) 9I=14NK) sJ=1,NA)
993 FORMAT(8G15.5)
CalLL HARMN{NR,NA,DSI,EMOME, 6y NIASyNROW,y NCOL )
895 RETURN
8961 FURMATI(28X,y215,3E20.7)
981 FORMAT (28X 3 1545Xy3E20.7)
980 FURMAT(LIHL1///56X:14HL0OADS ON BLADE//32X ¢ 1HT y4X s 1HI, 10X, THFORCE Z
1 s 13X, THFURCE Xy 13X, 6HMOMENT /)
983 FORMATLIHY 955X,20HF0ORCE IN Z DIRECTICN )
984 FURMATL 1HL 59X, 20HFORCE IN X DIRECTIUN )
985 FORMAT(IHL $57Xy 16HTURS TUNAL MUMENT )
END
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OO OOO0

D

1806

187
189

191
193

SUBRDUT INE SERIESU14JsNCODEZEMT 3 U,V APHLI I CLIFT,ASLOP ,CMOME CDRAG)

CUMMION /CIR/PTTalIP1,DIS

COMHMDON /AL/ WNBLyNBaNRyNW sNCVyNR2yMAXMO,NITL NIT2,NIT3
1 2SPOMG,IT3

COMMUN /10/7INyNOUTIT7,178

SUBROUTINE TU COMPUTE CLIFT=LIFT COEFFICIENT
ASLOP=LIFT CURVE SLUPE
CMUME=MOMENT COEFFICIENT
CORAL=DRAG COEFFICIENT

FORMULAS TAKEN FROM CURVE FITS BY Pl.C.

CLIFT=2,
ASLOP=0.
CMDME=O .
CORAG=0.

NEG=1

EMIJ=EMT*ABS{U)
SQT=50QRTLL . ~EMIJI*EMIJ)
Cl=1l.—EMIJ

C2=,22689%C1

IF(APHIJ) 131,182,182

APHT J=-APHI J

NEG=~1%NEG

IF{APHIU-3.14159726F 184,184,183

- APHIJ=APHIJ-3.1415526%2,

Gu 1o 97

IF(APHIJ—-C2) LE€5,187,187
ASLOP=5.7296/5Q7

CLIFT=ASLUP*APHIJ
CORAG=.006+.13131%APHI J¥APHIJ
CMOME=1.4324%APHIJ/SQT

LU TO 250

IFLAPHIJ=.34906) 189,191,191
CLIFT=.29269%C 1+(1.3*EMIJ-.59)%APHI J
CHOME=CLIFT/(SQT*{ .48868+.90756%EMIJ))
C2=(.12217+.22689%EMI J) %SQT
CLIFT=CLIFT/C2
ASLUP=(1.3%EMIJ-.59)/C2

60 Y0 210 ,
[F{APHIJ~2.7402) 193,195,195
S=SIN{APHIJ)

$2=SIN{2.%APHIJ)

$3=SIN(3 *APHIJ)

$S4=SIN(4.%APHIJ)
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C
30

134

195
197

199

200

210

250

255

260

0

CLIFT=(,080373%5#] .04308%52-.011059%53+4023127%354)}/5ul
CMOME=(-,02327%8+, 14C22%52-,03H22%S3+4 351 M12%84) /54T
C=COS(APHIJ)

C2=COS(2.%APHI J)

C3=COS{3.%APHIJ)

C4=C0S5(4.*APHIJ]
ASLOP=(4080373%C+2,08616%C2—-,033177%L3+.092508%C4)/SQT
CDRAL=(1,1233-.029894%C~-1,00603%C2+.C03115%C3~,061487%L4)/5QT
GO TO 250

IF{APHIJ-3.0020}) 165741994199
CLIFT=={,4704+.10313%APHIJ}/SQT

ASLOP=-,10313/5QT7

CMUME=-{,4786+.02578%APHIJ) /5QT

60 TO 210

IF(APHI J-3.1415926) 200,200,260
CLIFT={~17.550+5.5864%APHIJ) /SQT

ASLUOP=5,5864/5QT

CMUME=(~-12.5106+3,G824%APHIJ) /5QT
CORAL=(1.1233-,029894%COS(APHIJI-1.00603%CUS(2.%*APHIJ)
1 +4003115%COS{3.%APHIJ) ~a09146T%COS (4.*APHIJ))I/SQT
IFINEG) 255,255,260

CLIFT==-CLIFT

CMUME =—CMUME

APHIJ=-APHILJ

CUNTINUE

CONT INUE
RETURN
END



4

SUBROUTINE INTRAT (1,J,CLIFT,CMOMESNA,DSI,APHIJ)
OIMENSTUN NACT{L10),NBCT(10) NBSVI10),JCYC(10)
DIMENSION VBINT(10,36)
CUMMON /VORINT/ NACT NBCT,NBSV.CLMAX,DELCL2 yWCOM CMST24JCYCLELJCYC
1+ APMAX
COMMON /VORTEX/ VBINT
IF (NACT({I).NE.O} GO TO 3
IF (APHIJLLT.APMAX) RETURN
JCYC(1)=0
JC=JCYCLE+J
DO 1 K=J,J4C
If (K.GToNAY GO T 2
JOCYCUI)=JCYC(I)+1
VBINT{I,K)=VBINT{L,K)+2.
NACT(I)=1
NBsSV{I)=J
NBCT(I)=0
A={CLIFT-CLMAX}/DELCL2¥],
IFIABS(A}GTL1.0) A=A/ABS(A)
P51=1./WOOM%ASIN{A)
NBCTLII=NBCT(I)+1
IF INBCT(1).6GT.JCYCII)) GU TO 6
PSTUVI=J4%DS]
PSIPSI=PSIJVI-PSI
CLIFT=CLMAX+DELCLZ*{SIN{WUUM*PSIPST )~1.])
CMOME=CMST2% (1 ,~CUS{WCOMXPSIPSII)
CMOME=(CMOME+CLIFT . 5) %, 5
LU 14U 5
JOY=JCYC{I}+NBSV(I}-1
NBV=NBSY (1]
DO 4 K=nBV,JCY
VBINT{L K}=VBINT{I,K}=-2.
NACT(1)=0
RETURN
END
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SUBRUOUTINE HACALS (ALPHA,CLy LU CMyCLALZEMT,U)
REAL MALH
CATA PI,TwWOP1/3.141593,6.283185/
NS=1
MALH=EMT*AY S (U}
1 IF (4LPhA.GE.C.) GO TG 2
ALPHA==ALPHA
NS==1%HNS
2 IF (ALPHALLE.PI) GO TU 3
ALPHA=ALPHA-TWUPI
G TG 1
3 ALSQ=ALPHA®RALPHA
LF {ALPHAL.GT..17453) GO TO 4
CL=5.4425665%ALPHA ’
CD=,-006+1.2578279*xALSQ
CM=1.,4406T4322%ALPHA
CLA=5.44250665
GO TO 10
4 IF (ALPHAJLLE.3.05433) GO Ta 5
CL=-27.057746+8.,612T451*ALPHA
C=1.1263058—-.1100658%ALS4
CM=-13,846155+4,4073682%ALPHA
CLA=8.6127481
GJd TO 1¢C
5 ALCUBE=ALSJ*ALPHA
ALFOUR=ALLCUBE®ALPHA
IF (ALPHALGT..59305) GO TO 6
CL=—5.17552006+7T4.39225730%ALPHA~305.,08426727+ALSQ+
1 510.05783752%ALCUBE-320.69898135%ALFUUR
CO=1.00809827-13.21615930%ALPHA+60.243389283*ALSU~
1 105.,33915863*%ALCUBE+66.65T06750%ALFCUR
{M=—1.3120201+41G.4541356*AL PHA-82.,0366380%ALSQ+
1 139,6846800%ALLUBE-83.7789094%ALFUUR
CLA=T4,39225790-0610.1685344%ALPHA+1530, 1735125%ALSQ~
1 1202.7959252%ALCUBE
GO TUO 10
6 IF {ALPHA.GT.2.79253) GO TQ 7
CL=-1.1042825+5,9103327T%ALPHA-5.222361U0%ALSQ+
1 1.3844760%ALCUBE-0.0895247TT*ALFOUR
LU==0,36898575+1.2001663*%ALPHA+1.4199386%ALSQ~
1 1.09388522%ALCUBE+.16709722%ALFOUR
CM=~,1510135+1.13690885*%ALPHA~L.,1730461%ALSQ+
1 .30186757T*ALCUBE~.01199924%ALF0OUR
CLA=5,9103327-10.444T22%ALPHA+4,153428%ALSQ-
1 35809903%ALCUBE
G0 10 10
7 CL=19073.5635-26905,6199%ALPHA+14223.9149*%ALSQ-
1 3340.,04534%ALCUBE+293 ,9323%ALF0UR
CU=4324.416G5-6164.22236%ALPHA+3288.53T7T0*ALSQ—
1 778.11679%ALCUBE+68,.89728%ALFOUR
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Ca=200560.,T7253-27314.0308%ALPHA+14560.552%AL Sy~
1 3374.20824xALCURBE+292,10403%ALFOUR
CLA==26975,619942844T.825d%ALPHA-10020.13602%ALSGt
I 1178.7292%ALCURE : :
1U ErMACH=SGURT(1.~-MAGH*MACH)
CL=CL/EFMACH
Co=CD/EFMACH
CM=CM/EFMACH
CLA=SCLA/EFMACH ;
IF (NS.EQ.1) U TO 11
Ct=~CL
CH==-(CM
ALPHA=-ALPHA
11 RETURN
END
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SUBROUT INE BLD4

DIMENSION DALPIA(36),CSIX(20,37), SIGKJ{20,20)

DIMENSION ELNTH(18),EMAS(18),EIX(18),E1Z(18),RBL{10),

1 XINR{18) DPHI{18),EIV(181,EPS{18),DLZ(13),2Al18),

2 YINR(18),0MEGA{20),SIG(20) ,8D{15)

DIMENSION AV(18,20),AW(18,20),APHI(18,20),AS51(18,20),

1 ATHET(18,20) ,AT(18,20) ,AMZ(18,20),AVY(13,20),
2 AMY{18,20),AVZ{18,20) 4HOOT(10,36) ,PHI(10,36),
3 THET(104+36) yFX(10436),FZ(104+36)4EMO(10,36)

DIMENSION VDOTI18,37),WJ0T(18,37),PHIDTI18,37),SIDT(18,37),

1 CSIDT(20,37)

DIMENSION FV(LB8,37) 4FW(18437),EMOME (18,371 ,CSI(20,37),C520T(20,37)
1 sCHIL12,18),CCP(37),SSPI37),CCPS(18),SCPS(18),SUMA(18),H(18),X(19)
2 ¢RADIS(18),PHIV(18,37)sSI{18,37)4sXCSIDT{1y36),THETA(18,37)

DIMENSION CSPHU18) ¢CAPHI(18)4CC(37),SCI3TI4EX(3T)EXMTI3T),SN(1L],
1 SMLAZI18) ,SMLAX{18) ,SMLAMU18)  ALAM(3T} 4SFZ(37) »SFX(37) ,SFMI37},

2 FORC(37) :

DIMENSION JM{L0),J¥PL{LO}sHDT(10) ,APHILO}sATHIL0

COMMEONISAD3/CSIX

COMMUN /PUNCH/ NPCH

CCMMON /GCORDL/ THETISsCPSWUsOT9ALsBCHAKL,DT02,R, GNOCP LCSALT

COMMON JCONL1/ ENR.PIQ2XROUT ¢RAB NMPL,NRP14NAPL

COMMON ZAL/ NBLNBgNRyNWoNCV I NRZeMAXMOyNITL o NIT2:NIT3
1 JCPOUMGLIT3

COMMON FIO/INNOUTLET7,178 _

COMMON FB37 DSTo1JsKTEST o AMSNA AMSNB,EMTAL EMTBLeALLL,ALLZ2sROALRS
1 RAL,RBELERRSY ' )
COMMUN /BLD4X1/ ELNTH, EMAS, EEX , RBL , XINR, OPHI, EIY 5 EPSs
1 DLZy ZA 5 YINR, OMEGA, PS1Ry SEG o AV o AW , APHI o ASI 5 ATHET,
2AT 3 AMZ 53 AVY 4 AMY 4, AVI ¢ BJ 4 RWK 4 CS5AL & NM , XCSIDT,
3S16KJy DAMPC

COMMUN /78LD4X2F HOOTPHI yTHET s FX3FZEMO o NMAS s NMODE . NAPSON,NR1 1
COMMIN /73LD&GX3# AMUSNAZNRE

COEMGN /5AD1/7 FVEWyEMOMELCSICS2Z2DT 4 CHy

1CCP o SSPHCUPS+SCPSySUMAYHe X yRADIS yPHIV ST ¢ THETACSPH,CAPHICCy SCHEX
Z,EKMT,SI\', SML AZ'S“’IL t’-\)&y SMLAM’ALAM’ SFZ. 3 SFX' SFM,FURC'JM' JMPI 1HDT'APH'
3ATH

CUMMON /5VSNR/ SNR

CUMMON /GARY/ NGOTO

COMMON /SAD2/7 VDOT,,WLOT ,PHIDT,,SIDT,CSIDT

CUMMON /MANVZ2/ DALPIA,FGF

CUMMON /CIR/PL,TWGPI,DIS

BLADE DYNAMICS PROGRAM

SAVE WK AND SET NEw NR FUR BLADE RESPONSE SUBPRUGRAM
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DEFINE CONSTANTS

NPAGE=1

NAP1=NA+1

DG 19 JA=1,NAP1

DO 19 K=1,MAXMO
CSI{KyJA)=CSIX{KyJA}
SNR=NR

NR=NR1

NRP1=NR+1

R=BD{1)

RAB=80(14)

- THETO=8D(2)

R el

2941
10

4

14
15
21
20

XRECOT=80(3)
AKL=80(4)
AC=BD({5)
BC=B3{6)
I1SeC=BDALT)
NRPT1=BD{%)
CT=80(9)
ALPHT=0D(10)
EMT=BD{11)
AKI=BD(12)
CMS@=RD(13)

INITIALIZE DYNAMIC EFFECTS TUO ZERU

IF(IT3-100%) 2941,2940,2%40
IF(IT3-2)110410,20
DU 15 JA=1,iNAPL

U 12 1=14.0M
VDAT{I.JA)=0.
WDOT(IyJA) =0,
PHILT(L+JAY=D.
SILDT(IsJAI=0.

9 14 K=2 ¢ MAXMEG
CSIDT{KyJA)=0.
CUNTINUE

00} 21 JA=]14NA
CSIDT{1lsJAI=XCSIOT(LydA)
NMP L=+ )

FNA=RA

ENR=NR
CNOCP=1 . /{CPCMLERY)
CAPT=TwiPIL /7CPOMG
DT=CAPT/NA
PpTaz2=DT*.5
PIUZ2=.5%P1
CSALT=CS5al
CPIN=CPUMG*C PUNMG

ir

I FIRST OVERALL ITERATIGON
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SFX{1l)=9.

SFZ{1)=2J.

SFM{1)=0.
CAPHI(L)=THETO+DPHTI{L)
CSPH{LI=COS(DPHI(1))
CCP3(1)=C0S(CAPHIL{1))
S5CPS{1)=SIN(CaPHLI{l)})
H{1)=DLZ(1)*COS{TETO)
RADIS(L ) =XROOT+ELNTH(1)

COMPUTE TABLES OF COSINES AND OFFSET DISTANCES EXACTLY THE SAME AS
IN THE NATURAL FEEQUENCY PKUGRAM

[aNeNeNel

BU 40 I=2,0#4
IMi=1-1

CJRULATIVE PHI ANGLE ALONG BLADE

e Eelel

CAPHI(T)=CAPHIEIMLY+DPHI(L}
CCRSLI)=COS{CAPHI{I1))
SCPS{E)=SIn{CAPHI(I))
CSPHA{I}=COS{CAPHE{I)-THETO)

TOTAL DISTANCE T3 RIOHT SIDE OF SECTION FROM CENTER OF ROTATION

(pRaNe!

RADIS{I)=XRUOTH+ELNTHIL}

AVERAGE HMASS USED [ COMPUTATION

[N el

31 SUMA (EMLI=.5%(EMASEIML)+EMAS(I))
H{l )=HE 1}
DU 35 J=1,1M1
AL p=HELI*0OLZ{J+13%CCPSLY)

35 RADESE{II=RADIS{ E}+ELNTH(J)

40 CUNTIENUE

OO

SINE AND COUSINE OF UMEGA * T

DU 45 JA=1,NAPL
OMT=CPOMGH(JA-1. ) *DT+PSIR
CCP{JA)=CUSICHMT)
45 SSP{JA)=SINLCMT)

SUMA [NM)=.5%EMAS(NM)
NGOTO=1
CALL CONVL
caLl 6COuRY
CALL RSP
G TO 2841

2940 NGUOTU=2
CALL RSPNS
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CALL SHEAR

IF (WPCH.EReL) LALL RSEPZZ
2881 CONTINIE

D 50 J=1,NAPI

D0 50 K=1,MAXM0
5C CSIX(KyJ1=CST({Ked)

RETURN

END
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SUBRGUTINE CUNVL
REAL XX{12) ¢FXX{12),FZZ{1l2),EMO00({12)

DIMENSION SIGKJ{20,20)

DIMENSION ELNTH(18),EMAS(18) ,EIX{(18),EIZ{18}),RBL{10),
1 XINR(18),DPHI{18),EIY(18),EPSIL1B),DLZ{18),ZA(18),
2 YINR{18)CHMEGA(2C),5IG(20),BD{15)

DIMENSION AVI18,2)) yAW{18420)+4APHI(18420)+ASI{18,20),
1 ATHET{18+20)YAT(18,20),AMZ(18420),AVY(13,20),
2 AMY(15,20)4,AVZ(13,20)sHDOT{10,436),PHI(104+36),
3 THET{LO936) 4F X1 10436)4F2(10436) 4EMO{10,36)

DIMENSIUON VDUT(18137’9WDUT(18:57)1PHIDT(181373'SIDT(1813730
1 CSIDT120,37)

DIMENSTION FVI18437) yFWIL18437)yEMOME(L18y37)3CSI{204+37)4CS2DT{20+37)
1 +CHLL12418),CCP{3T7),SSPI3T),CCPS{18),S5CPS5(13),SUMA(18),H(18),X(19}
2 JRADIS({18),PHIVIL8437)¢sSI{18437)¢4XCSIUT(L,36)THETA(18,37)

DIMENSION CSPH{L18),CAPHI(18)},CC(37)4SC{3TIHEX{(3T),,EXMT(37)+SN{11},
1 SHMLAZILS) s SMLAX{(LS8)ySMLAM(18) JALAM(3T) SFLL3T)+SFX{37),5FM(37),

2 FORC(3T7)
DIMENSION JM{10) s JMPLI(10),HDT(1C}APH{10})ATH(10)

COMMON /B8LD4X1/ ELNTH, EMAS, EIX » RBL s XINR, DPHIy EIY » EPS,

1 ODLE, ZA » YINR, OMEGA, PSIR, SIG s AV , AW 5 APHI s ASI 4 ATHET,
2AT ¢+ AMZ o AVY 4 AMY , AVZ , BD s RWK , CSAL , NM ., XCSIDT,
3SIGKJy DAMPC

COMMON ZAL17 NBLoNByNReNW NCVINRZyMAXMOsNITL JNIT24NIT3

1 +CPCMG,HIT3

CUMMON /Z710/7INSNOUTZIT7,1T738

CUMMON /B3/7 DSTyIJKTEST,AMSNA, AMSNByEMTAL,EMTB14ALLYALL2,yROALRy
1 RalRB1,ERRSYV

CUMMON /CONL 1/ ENRZPIDZ2 9 XROUT ,RABNMPL s NRPL1 yNAPL

COMMION 78LDaX2/ HBDUOTPHI, THET;FXyFZyEMJyNMASyNMDDE'NAPSGNQNRl1
COMMIN /BLD4X3/ AMUNA,NR1

COMMON /75AD17 FVeFWsEMOMELC ST sLS2DT s LHy

LCCPoSSP,CUPS oSCPSsSUMAsHy X+ RADISsPHIVAS I o THETALCSPHaCAPHI yCCo SCEX
2aEXMT g SMySMLAZ s SHMLAX ¢ SMLAMGALAM 3 SFLySFX 3SFMFORC, My JMPL1yHDT 9 APH,
3ATH

CCMMION /S5AD27 VDOTwDOT 4 PHIDT SIDTLCSIDT

CUMMON/PRNT /NPRNT

CUMPUTE LAMBDAS (ARGUEMENTS UF CUSINE)
COMPUTE FUURIER COEFFICIENTS AT EASH AZIMUTH

R=ts01(1)
IR=1
Ud 90 I=1sNA



e XaXe]

2N aNe!

OO 7

83
85

83

30
3122

35

11

IMi=1-1
X{I)=XROOT+.5*%ELNTH{L)
IfF (IM1) 83,388,83

DO 85 J=1,1IM1
X{T)=X{T)+ELNTHLJ)
X{NM+]1}=RAB '

COMPUTE LAMBDA

1F (X(1).6T .RWK) GO TG 90
IF (X{I).GT.RWK) GO TO 90
SFZ{1)=0,

SEX(I)=0.

SFM{T1)=0.

IR=1

CONTINJE

CONTINUE

SMALL A COEFFICIENTS

RX=R

XX{1)=RWK*RX

DO 95 JA=1,nR1

JAPLX=JA¥1

XXUJAPL XY =RBLIJA)*RX

NR1P2=NR1+2

D3 200 JA=1,NA

DU 11 JX=1,KR]

JG=dX+1

FXX{JGI=EX{JIXyJA)
FLILIJGI=FZUJXsdA)
EMIS{JBI=EMNO(IXyJA)

CONTINUE

EXX(1)=0.90

FLZ11)=0.0

EMOC(L1)=0.0

FXX{NKLIP2)=0.

FIZ{NRLIP2)=0.,

EMIO(NRIPZ2) =0,

XX{NR1IP2})=RAB

NL=NM+1

CALL ALINT {XsXXsFXXsSFX4NZyNR1P2)
CALL ALINT (XgXXyFZZ3SFLyNZZynNRLIP2)
CALL ALINT (XeXX,EMOD,SEMyNZ,NRLIP2)

LUADS REAUY FOR RESPUNSE CALCULATION
DI 150 I=1,KM

FVA{TyJAY=-SFZLT1)*CLPSUT)-SEX{II*3CPSLIT)
FU(ToJA)=SFZLL)*SCPSLT)Y=-SFEX{TI*CCPS{I)

143



IRE SN e)

9
3

144

150
2C0

210

100

211
212
213
214
8175
117

EMOMELT »JAY=SFMIT)+ZACT)%FV (I,JA)
CORNTINUE

MAKE FIRST AND LAST ELEAENTS THE SAME

DO 210 I=1,NiM
FVIILyNAPL)=FV (1,41}

FW{l NAPLY=FW{I,1)
EMOME{TI s NAPL)=EMIMFI{1I,1)
SIDT{I,NAPL)=SIBT(I,1)
IF{IT3.E3.1000) GO 1O 109
IF (NPRNT.LTL2) GO TU 1117
WRITE (6,211

WRITEL(H,98175) {( FVIT 4IX) 9 JX=14NAPL) 1=1 4 NM)
WRITE (6,212) :
WRITE(6,9875) ({ FWlTgJX) g JdX=L yNAPL) yI=1,NM)
WRITE {(6,213) ‘
WRITE(6,49875) ((EMCME(T 9dX) 9y JX=14iAPL) 91=1,NM)
WRITFE (6,214) ’ ’

WRITE(6,49875) ({ SIDT(I5JX)+JX=13NAPL) I=1,NM)
END CUNVERSIUN OF AERGDYNAMIC LOADS

FORMAT (3HOFV//)

FORMAT {3HOFw//)

FORMAT {6HIEHACME/YZ)

FORMAT (5HOSIOT/Z)

FURMAT | {1+ ,10612.4))
CONTINUE

RETURN

END
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SUBRUOUTINE ALINT (XsRyFyaFRyNM,NL)
DIMENSIUN XINMY SRINL) 3y FINL) s ER{AM)
N4l =N¥=-1

DU 2 I=1,NM

FR{11=0.0 N
1=1

L=1

XIP1=X{I+1)}

RL=R({L)

IF{XIPL .GT. RL} GU TO 5

={+1

U TO 4

iF{1l ,5E. WMM1) RETURN

I=1+1

Ai=xX{1)

XIPLl=X{I+1})

IF{XIPl LT. RLP1) GU TO 10
FRAOTI=FRIT I+ 5F{FLAFL4BSH{ XI+RLP1-RL-RL}}*{(RLPL1-XI)
L=L+1

LPI=L+1

IF(LPl .6T. NL} RETURN

FLP1I=F(LP1)

FL=F{L)}

RLP1=R{LPL)

RL=R{L)}

IFIXIPL LLT. RLPLY O TO 9
FROD)=FR{IV+ 5% {FLPL+FL)*{RLPL-RL)}
GO TU 8 .
BS=(FLPL-FL}/(RLDP1-RL)
FRULI=FR{I)+. 5% (FL+FL+BS®{XIPL1-RL}}*{XIPL-RL)
GO TO 7

FRUI)=FR{D )+ OF(FLAFL+BSHK{XI+XIP1I-RL-RLIIF(XIP1~X1)
Go 1O 7

EnD

145



146

SUBROUTINE GCGORD

DIMENSION CSITMPI37),CSITXP(37)

DIMENSION ASSF(20),AS55L(20),AS5T(20)

DIMENSTON DALPIA(36), SIGKJ(20,20)

DIMENSION ELNTH(18),EMAS{18)+EIX{18),EIZ(18)},RBLI10O),

1 XINR{L18),DPHI{18),EIY{18),EPS(18),DLZ(18B),ZA{18),
2 YINR{18}),0MEGA{20),516(20),BD115)

DIMENSION AV(18,20) +yAW(184+20),APHI(18+20),ASI(18+20),

1 ATHET(184920)3AT(18,20)+AMZ{ 18,20} 4AVY{18,20),
2 AMY(18420),AVZ(18420)yHDOT(104+36)4PHI(10+36),
3 THET(10936) 9FX{10+36)yFZ{10+36)4+EMO(10,36)

DIMENSION VDUT(18,37)WDDT{18,37),PHIDT{18+37),51DT(18,+37),

1 CSIDT(20,37)

DIMENSION FV{18437)FW{18s37)+EMOME(L8,37),CSI(20+37)4,CS2DT(20,37)
1 +CH{12+18),CCP(37)4SSP(37),CCPS(18),SCPS(18),SUMAS(18)

2 JRADIS(18) yPHIVI18,437)ySI{18437)+XCSIDT(1436),THETA{L1B,37)

DIMENSION HI18),X(19)

DIMENSION CSPH{18),CAPHI(18),CC{3T7)+SCU3T7)sEX{(3T),EXMTL37),3N(11},
1 SMLAZ(18)SMLAX{18) SMLAMULB) JALAMI3TI o SFZ(37),SFEX(37) ,SFM{(3T7),
2 FORCA(37} '

DIMENSION JM{10)+JMPL{10)HDT{10),APH{LO},ATH(10)

DIMENSION 'CH13(18)

COMMON /BLD4X1/ ELNTH, EMAS, EIX , RBL , XINR, DPHI, EIY , EPS,

1 DLZy ZA 4 YINR, UMEGA, PSIRy SIL » AV 4 AW , APHI , ASI s ATHET,
2AT o AMZ 4 AVY , AMY 4 AVZ , BD 4 RWK » CSAL » NM , XCSIDT,
3SIGKJy DAMPC

COMMON /GCORDL/ THETG.CPSQsDTHACBCLAKL yDTO29RHONOCP 4CSALT
COMMON /JCOGNLL/ ENR,PID2,XRGOT4RAByNMPLls NRPL,NAPL

COMMON /ZA1/ NOL o NByNRyNWyNCVyNR2yMAXMOy NITL oNIT2yNIT3

1 JCPCMG,IT3

CUOMMON /IO/INJNOUT,IT7,178

COMMIN /B3/ DSI4IJ¢sKTEST AMSNA, AMSNB,EMTAL,EMTBL1,ALLT ALL2,ROALR,
1 RAL,RB1yERRSYV

COMMON /BLD4AX2/ HDOTyPHI sTHETyFXFZ,EMO yNMAS,NMODE s NAPSUNSNRLL
COMMON /BLD4X3/ AMUNA,ZNR1

COMMON /SADL1/ FVarw,EMOME,CSI,LCS20T,CH,

1 CCPsSSPyCCPSySCPSy SUMAS Hy XyRADISHyPHIV ST, THETA,CSPH,,CAPHT ,CC55C,
1 EX,

2 EXMTySNgSMLAZ ) SMLAKy SMLAMy ALAMSFZySFX 9 SFMyFORC 3 JMy JMP14HOT, APH,
3ATH

COMMON /5A0D2/ VBOT,,W00T,PHIDTS10T,CS510T

COMMON /GARY2/ XINPT,,FINPT

CUMMUN/PRNT/NPRNT

CUMMAN /MANV2/ CALPIALFGF

COMMON /MANV4A/ ASSF,ASSLIASST

COMMON /MANVS/ ALFDTM, PHIDTHM



[aNeRal

CERTAIN COEFFICIENTS FO COMPUTATION OF TOTAL GENERALIZED FORCES
AND MOMENTS

JKK= NA/2
SNTHO=SIN{(THETV)
DO 300 I=1,NM
G1=SUMAS(T}*CPSQ* (H{1)+EPS{I)I*CCPSULIN)
CH{1,1)=6G1%SCPSLT)
CH{2, I}=SUMAS({I)*(EPSLI)}+H{I)*CSPHI{T)/CCPS( 1))
CH{3 4 1)=-2.%SUMAS{T)*CPCMG*EPSI{I)
CHi{4,1)=61%CCPS(T)
CH(S5 5 1) ==SUMAS (T }*H{ I} *SIN{CAPHI{I}-THETO)}/CCPS{I)
CH{G6,yI)=CH{3,1)*CLPS{I)
CHU3, LI=CH(3,131%3CPS(I)
CH{T751)=-CPSQ*SCPSUII*XINR(I)*CCPS{I)-SCPSLI)I*EPSLI)*G]
CH{8y 1)==XINR{TI-EPS{Ti*CH(2,1)
CH{991})=2 . %CPOMOGASCPSL IR XINR( I ) +SUMAS( T I *EPS(TL)*EPS(L})
CH{10,1)=SUMASIT)I*CPSQ*EPS(I)*RADIS(I)
CHI12,1)=-2.%CPOMG*{ XINR{I )+ SUMAS(I)*EPS{T)I*EPSLI))
CHIZ3(I)=(XINR{I}+SUMAS(I)*RADISCI)*=RADIS(I))*CPOMG

300 CH{11,7)=CH{L12y1)*SCPS{I)-2.%CPOMG*SUMASLI)*EPSC{TII*H{I)*SNTHO
1 /CCPSLT)

[FINPRNT.LTL2) GO TO ©
WRITE (64301)
WRITE (699875) ({CH{IXsI)ysIX=1911},1=14NM)

COMPUTE SUPERPOSITION INTEOLRALS IN EACH KTH MODE

S DU 550 K=1,MAXMO
SIGCM=STIGIK)*CMEGA(K)
OMK2=0MEGA{K)*OMEGA(K)
TEST=S1G{KI*STIG(K)
IF {TEST.LE.1.) GO TO 5
OMBR=0OMEGA{K ) *SQRT{TEST~1.)
OMT=S1GUM-0OMBR
OMT2=SIGOM+0OMBR
DU 4 JA=1,NAP1
CSITMPLJA)=CST{KyJA)
CSITXP{JA)=CSIDT(K,JA)
T={JA-1,)*DT
FURC(JA)=0.0
EXMTIJA)=EXPL{CMT*T)

4 EX{JA)=EXPLUMT2*T)
GO TO 311

5 UMBR=UMEGA{K)I*SQRT(1.-SIGIK}*SIG(K})
CMT=CMBR*DT
IF(NPRNT.LT.2) GO TO 10
WRITEL{Gy 60011 KySIGIK) yCMEGATK) DT

16 SIKDT=SIN{OMT)
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307

308

310
311

312

CSKOT=COS{OMT)

CMT 2=0MTHUMT

UMT 3=0MT2%0UMT
IF(UMT-.05) 303,307,307
OMT4=0MTZ*0MT2
OMTe=uMT4*0OMT2

ALPHALBETA,GAMMA CCEFFICIENTS FOR FILONS RULE OF INTEGRAIOCN
SEE APPENDIX OF 300K ON INTEGRAL TRANSFORMS BY TRANTER

FILA=0OMT3/722.5-{CMT4*0MT /15T .5+ {0MT6*%0MT 1/ 2362.5
FILB= L6566 6506666656T+0MT2/T7.5-0MT4/26.,2540MT6/283.5
FILG=1.3333333333333-0MT2/T7.540MT74/210.-0MT6/11340.
GO 10O 308
FILA={UMT2+0UMTASTKDT#CSKOT-2.,%SIKDT*SIKDT) /GMT3
FILB=2,%{0OMT*(1.+CSKOT*CSKOT 1-2 .#SIKDT*CSKDT)/0MT3
FILG=4,*{ SIKDT-CMTHLCSKOT)I/CMT3

ADT=FILA*DT

BOT=FILB*DT

GDT=FILGXDT

DO 310 JA=1,NAP1

T={JA-1.1%DT7

FORC(JA)=0.

CMT =CMBR*T

CClJAI=COS{CMT)

SCUJA)=SIN{IMT)

EXMT{JAY=EXP (=S 1GUM*T)

DO 360 JA=1,NA

THC1=CPOMG*(AC*CCPIJA)-BCXSSP(JA))

THLZ==CPSU* LAC*SSP(JAY+BCx=CCP({JA )

COMPUTE TOTAL GENERALIZED FUORCES, PAGE IV-3,IV-4

DO 350 I=1,NM™
QUNEW={-CCPS{T) *CSAL +SCPS{I)*DALPIA(JA) ) *SUMAS{I)*FGF
QWNEW=(SCPS(I)*CSAL+CCPS(I)*DALPIA(JA)) *SUMASIT ) *FGF
QPHI 1=-EPS{ I )*QVNEW

QV=CHI{L, I)+CH{2, I} *THC2+CH( 3, 1) *SIDT( I, JAI+FV{IsJA)
QW=CH{4y 1) +CH{5 [} *THC2+LH(6, 1) *SIDT (I, JA)+FW{1,JA)
QPHI=CHI 7, 1) +CH{B, 1) *THC24CHI{ 9, 1) %SIDT(1,JAY+EMOME( T, JA)

QPHI =0PHI -~ CPUMo*{CCP{JA)XALFDTM + SSP(JA)¥PAIDTMI*CH( 8,1 )*xCPOMC

QSI=CH{ 10,11 +CH{LL s I }*THCL+CH{12 ,1)*PHIDT{I 4JA)-CHI{3,1)%*
IVDOT( 15 JA)-CrHl6, 11 *4DOT(I,JA)

QTHET=={(-SSP(JA}*ALFOTM + CCPIJA)VHPHIDTM)}*CHL3(1)*CPOMG
QV=QV+QVNEW

Q= QW +IWNEHW

QPHI=QPHI+WPHI11

IF{JA-JKK) 312,312,314

JB=JA+JKK

GO 7O 316
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314

J8=JdA-JKK

316 THU1=CPOMG* (ALeCLP(Jd)-BL*SSP(Jﬁ)I

318
320

330

350
355

360

370

371

THUZ2==LPSQ*LACRSSPLIB)+uCxCCP{IB))
GVONEW={-CCPS{I)*CSAL+SCPS{I1)*DALPIA(JB) Y*SUMAS( I }*FGF
QWINEW={SCPS LI ) kCHAL+CCOS{ I I*CALPTALJIB) I RSUMASL I VXFGF
APHIOL==-EPS I} *YIVONEW
GVU=CHIL I3 +CH{2 4 1 )#THO2+CH{ 34 1) %S TOT{ [, JB)+FV{1,d8)
QWOI=CH 4TI+ CHIS, TI#THOZ2+CHL6, 11 *SIDT(I ,4B) +FW{1,JUB)
GPHIO=CH{T s 1) +CH{ 8y T1*THQ24CHI I [)RSIDTLI,JBI+EMOME(T,JB)
RQPHID=QPHIO= CPOMGR(CCP{JBIXALFDTM + SSP{JRBI*¥PHIDTMI*CH{8,1 )*CPOMG
QSIO=CH{10, I}+CH( 1L, I} RTHOL+CHC 124 L) *PHIOT(I 4JB) ~CH{3,1)%
IVDOT(L14JBY-CH{651)*DOT{I,J8)
QTHETO=={-SSPLJBR)I®ALFDTM + CCP{JB) * PHIDTMI*CHI3(I1)*CPOMG
QVO=QVO+QIVIONEW
QWO=QW+ QWENEW
GPHIO=RPHID+ QPHIOL
IF{I-2) 330,320,330
Gl=AKL/ELNTH(2)%SIDT(1,JA)
blz AKLZELNTHL(2)=%=5IDT(1 4381
=QV+SCPS(2) %61
Qw=Qw+CLPS(2)*Gl
QVO=QV+SCPS(2)%G12
ClU=QWHLCCPS{2) %G1 2

GENERALIZED FORCE ACTING IN EACH NORMALIZED MODE

FORCU=QVO* AV yK)RASSFIKI+H{QAWO*AW (T K}+QSTOUXAST (1,K) )%
LASSLIKI4+QPHIO*APHI{ T 4K) *ASSTI{K)

FORCO = FORCO + QTHETO*®ATHET(I,K)}*ASST(K)

FORCLUJA)Y =FORCLIA) +QVHAVIIWK)I+QWR AW I 4K} +QPHI*APHI{I1,K)
1+QSTRASTLT K )+FORCO

FAORCIJA)=FORCIJA) + QTHET*ATEHETI(1,K)

CONTINUE

DO 355 KJd=1, MAXMO

FORC{JAI=FURCAJA)-SIGKI IRy KJI*{(CSIDTIKI»JAI+CSIDT(K I, JB)*ASST(K?)
FORCLJAY=FORC{JIAI*{1.=e5%ASST(K))

CONTINUE

FORCINAPL)I=FORC(]1)

WRITE(6,361)

WRITE(6,49875) {FORC{JA)»JA=1,NA)

IF (TEST.GT.1.) GO TU 371

DO 370 JA=1,NAP1

EX{JAI=(1./EXMT(JA) }*FORC{JA)
JGO=1
GO TU 379

COMPUTE SUPERPOSITION INTEGRALS AT EACH AZIMUTH POSITION
INTEGRALS UN PAGE Iv-6

SC(1}1=Q.0
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CC{1)=0.0

COMPUTATIUN OF REDUCED INTEGRAL PARTS OF SUPPOSITION _
INTEGRALS AT EACH AZIMUTH POSITION FOR OVERDAMPED CASE

OOO0

DO 372 JA=2,NAP1
JAA=JA-1
CCUJAI=CC{JAA)+DTO2% (FORCIJAI®EXMT (JA)+FORC (JAA) ¥EXMT (JAA) )
372 SC(JA)=SC(JAA) +DTO2%(FORCIJAI*EX(JAI+FURCIJAAIXEXL JAA))
OMT3=1,0/EXMT(NAP1)
OMT4=1. O/EXI{NAP1)
CK=1.0-UMT4
SK=1.0-0MT3
S1={(0MT3%CC(NAP 1)) /SK
$2=(OMT4*SCINAPL) )/ CK
c CALCULATION OF CSI(K,JA) ,CSIDT(KyJA)9CS2DTIK,JA)
DO 375 JA=1,NAP1
CMT3=,5% (CCLJAI+S1 ) /EXMT(JA)
OMT4=4 5% (SC{JAI+S2) /EX(JA)
CSI(KyJA)=(0OMT3~0MT4)/0MBR
CSIUT(K,JA)=—SIGAM*CST(K,JA)+0MT 3+0MT4
CS2DTAK yJAI=FURCLJA) ~CMK2*CST{K,JA)=2.¢STGOMACSIDTIK,JA)
CST(KyJA)=LCSTUK,JA)%FINPT+CSITMP(JA)*( 1. ~FINPT))
375 CSIDTIK,JA)={CSIOT (K, JA)*FINPT+CSITXP{JAI* (1 .—F INPT })
GO TO 550
379 DU 500 JAA=1,NAPL
CSITMP(JAA) =CST (K, JAA)
CSITXP{JAA)=CSIUT(KyJAA)
380 JAAM=JAA-1
T=(JAA=1.)%DT
6O TO {(400,410,420,430),J060
400 CS1(K,JAA)=0,
CSIDTIK,JAA)=0.
Jou=2
60 T 500
410 SAVE=DTO2%EX{2)
CSINT=SAVE*CC(2) +DTU2*FORC(L )
SNINT=SAVE#SC(2)
J60=3
G TO 450
420 JGO=4 .
4201 CSINT=EX(JAA)*(ADT*SC(JAA)+.5*BDT*CCIJAA) ) +FURC{1)%*BDT*,5
SNINT=EX(JAA)*(~ADT*CC(JAA)+.5%BDT*SC{JAA) ) +FORC (1 )*ADT
421 JAcU=1
DU 425 JA=2,JAAM
GO TO (422,423) 4 JAGD
422 SAVE=GUT*EX(JA)
CSINT=CSINT+CC(JAI*SAVE
SNINT=SNINT+SC{JA)*SAVE
JALU=2
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60 T0 425

423 SAVE=BDT*EX(JA)
CSINT=CSINT4+CC(JA)Y*SAVE
SNINT=SNINT+SC{JA)*SAVE
JAGO=1

425 CONTINUE
SAVEC=CSINT
SAVES=SNINT
GO TO 450

430 CSINT=DTO2%(CCLJAAI*EX{JAA)I+CCLJAA-L)*EX{JAA-1) ) +SAVEC
SNINT=0TO2% (SCUJAAPXEX(JAA)+SCLIAA-L V*¥EX{IAA-1) ) +SAVES
JGO=3

450 CSI(KyJAA)}= EXMT(JAA)*(SC(JAA}*CSINT CCL{JAA)%SNINT)
CSIDTIK,JAA) EXMT(JAA)*(CC(JAA)*CSINT*SC(JAA)*SNINT)
CST{K4JAA)=CST{K,JAA)/OMBR
IF(JAA-NAPL) 457,455,455

455 SKINT=CXMTL{JAA)*(SCIJAA)*CSINT-CCJIAA)RSNINT)
CKINT=EXMT (JAA) *{CC{IAA)*CSINT+SCLJAA) ®SNINT)
CK=1.~-EXMT{JAA}YRCC(JAA)
SK=EXMT{JAA)XSC{JAA)

40 S=CK*CK+SK*S5K
SI={ SIKCKINTH+CKESKINT)/S
S2={CK*¥CKINT-SK*SKINT)/S

457 CONTINUE

500 CONTINUE

COMPUTE QUANTITIES ZETA {CSI) AND ZETA DIT {CS51 DUT) FROM
SUPERPOSITION INTEGRALS
COMPUTATION OF ZETA,ZETA-DOT, SEE PAGE IV-6

DO 520 JAA=1,NAP]
CSIUKyJAA)=CS IR, JAAY+EXMTIJAA) R (CCLJAA ) %SL1+SC(JAAI*S2) /OMBR
CSIDTIKHyJAA)==SIGOMRCSIIK »JAA)+EXMTLJAA ) *{CC{JAAIRS2-SC{JAA)%S51)
1 +CSIDTIK,JAA)

520 CSZ2DTAK,JAA)=FORC{JAA)-OMK2%CST{IKy JAA)- 2. *STGOUMRLSIDT(K ,JAA)

DU 540 JAA=]1,NAPL
CSI{KyJAL)={CSTUKyJAA)XFINPTH+CSITMP(JAAY *{ L. ~FINPT))
540 CSIUT(KsJAA) ={CSIDTUK,JAA)XFINPTHCSITXP{JAA)*({1.-FINPT))

550 CUNTINUE
IF{NPRNT.LT.2) RETURN

WRITE t6,551)

WRITE(649875) ({ CSI{KyJAA)K=1,MAXMO),JAA=1,NAPL)
WRITE (64552)

WRITE(6,9875) {{CSIDTAKyJAA) yK=1yMAXMU) 9 JAA=T,NAP1)
WRITE {64553) :

WRITE(6,9875) ((CS2DTIK,JAA) ,K=1, MAXMO) yJAR=1,NAPL)
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RETURN

9875 FORMAT ( {1H »U9G13.5))
301 FUORMAT (3HOCH//) ~
6001 FORMAT(1HO 4HK = ,13,5X,8HS1L = 15104 342X BHOMEGA = 3G10434+2X%y
1 BHOT = 1610.3)

361 FURMAT (5HOFORC//)

551 FURMAT (4HOCS1//)

552 FORMAT {6HUCSIDT//)

553 FORMAT {6HOCS2DT//)
END
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SUBROUTINE RSPNS

DIMENSION VDTDTU{L18937)3VX{18,37) ,WX{18,37)
DIMENS ION SIGKJ(20,420)
DIMENSION ELNTH{13),EMAS(L8)4EIX{18),E1Z(18),RBL{10),
1 XINR{18)DPHI{13),EIY(18),EPS(18),0LZ{18)+ZAL18),
2 YINR(18),CMEGA({20)4STG(20),BD(15)
DIMENSIUN AV{18420) yAn(13420) yAPHI{18+20)9ASI(18+20),
1 ATHET(18,20)9AT{18,20) yAMZ(18,20) AVY(154,20),
AMY (13 420) s AVZ{18,20),HDOT (10436),PHI(10,436),
3 THETI19436)3FX{10,36),F2(10,36) yEMO{10,36)

DIMENSION VOOT{13,37),WO0T(18,37),PHIDT(18,37),SIDT(18,37),
1 CSIDT(20,37)

DIMENSION FV(184937),FW{18437) JEMCME(L18,37),C51020,37),CS2DT(20,37)
1 oCHIL2418)4,CCPI3T)»SSP{37)+CCPS{18),SCPSI18),SUMA(LB),H{18),X{19)
2 JRADIS(1IBY PHIVILE,37)451118,37),XCSIDT(1,36),THETA(18,37)

DIMENSTUN CSPH(18),CAPHI(18)4CCI37),SCU37)4EX{37)EXMTI37)4SNI{LL),
1 SMLAZ{LB) ySMLAX({L3)ySMUAM (LB ) ALAMI3T) o SFZL 3T SFX{ 3T SFM{3T),

2 FORC{37) ; '
DIMENSION JM{10) s MPL{10)sHDTL10),APHI{10)3ATH({10)

CUMMGN /BLD4X1/ ELNTH, EMAS, EIX v RBL o XINR, DPHI, EIY 4, EPS,

1 DLZy ZA 4 YINR, OMEGAy PSIRy, SIG 4 AV » AW 4 APHI 4 ASI 5 ATHET,
ZAT 4 AWML 5 AVY 3 AMY o, AVZI 4, BD 4 RuK » CSAL , NM 4 XCSIDT,
3SIGKJs DAMPC

COMMON /GCUORDY/ THETO,CPSQUsDT,ACBCyAKLyDTO2,RyONOCP4CSALT

COMMUN FCONL1/ ENR,PIDZ,XROOT,RAB,NMP1,NRPL,NAP1

COMMON AL/ NBLaNByNRyNWsNCVINRZ2Z,MAXMOZNITLsNIT2yNIT3

1 CPOMGLIT3

COMMON /IU/INGNOUTLIT7,1T78

COMMON /B3/7 DSTo1J yKTEST AMSNAAMSNBEMTAL,EMTB1,ALLYLALL2,ROAIR,
1 RAL,RB14,ERRSV

COMMON 78LD4X2/ HDOTPHI THET FXyFZ,EMO,NMAS,NMODE y NAPSCNyNRL L
COMMON /7BLO4X3/ AMUsNASNRL

COMMON /SAD1/ FVyFWEMOMECSI sCS2DT4CH,
LCCPySSPyCCPSySCPSsSUMAsHa X9 RADISsPHIVySTyTHETA,CSPHyCAPHI 4CC 5 SCLEX
ZtEXMY,SNysmtAZ,SMLAXySMLAM,ALﬁmysFZ,SFX9SFM9FORC,JM,JMPI;HUT,APH,
3ATH

COMMCN /SVSNR/ SNR

COMMON /GAKRY/ NGOTO

COMMUN /SAD6/ VXyWX

COMMON /SAU2/ VDOTwWDOT oPHIDT,SIDT,LCSIDT

COMMON/PRNT/NPRNT

CCMPUTE RESPONSES FROM MODE SHAPES AND ZETAS
DU 575 JA=1,NAP1

D3 575 1I=1,NH
VX{1,JA)=0.
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GOV D
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575

580

WX{LyJA)=0.
VDOT{(I,JA)=0.
WOOT(1,JA)=0.
PHIV{IJA)=0,
PHIDT(I,JA)=0.
SItI4JA)=0.
SIDT(I,JA)=0.
VOTDT(I,JA)=0,
THETA(I,JA)=0,

RESPUNSE VARTIABLES OF INTLKEST, PAGE (V-7

oo JAsL e

L0 BT SO B B P

100 58" K=]1,MAXMD

VX{T s JAY=VX{ L, JAY+AV(T sKI*(ST(KyJA)

WX{T g JA)=WXI 1 JAV+AWLT $KIARCSI{(K,JA)
VOOT(14JAY=VDOT(IsJAI+AV{TKI)*CSIDT(K,JA)
WOOT(IyJA)=wWDUTLT»JAYHAWLI 4K} RCSIDT{KyJA)
PHIVIIJA)=PHIVII,JAY+APHI{I yK}%CSI{KyJA)
PHIDT{I JA}=PHIDT(I,JA}+APHI(IWK}ACSIDTI(K,JA)
STI{IsJa)=ST{LsJAY+ASI(] KI®CSIIK,JA)
SIDTUILJA)=SIDT (I, JA)+ASI{LI4KIXCSIDTIK, JA)
THETA(IL s JAY=THETA( I, JAY+ATHET{ I yK)I®CSI(K,yJdA)
CUNTINUE

IF{IT3,EQ.10008) GU Tu 9

IF{NPRNT.LT-2) GO TO 3

NAP1=NA

WRITE (6,9588) ({VXUI4JA)3JA=1,NAPL) I=1,NM)
IFINPRNTLLTSL) GG TO 12

WRITE (6,9989) {{WX{(1yJA)yJA=1,NAPL)I=1,NM)
WRITE(64599901 (1 VDOT(I yJA) yJA=1L 4NAPL) yI=1,NM)
WRITE(6,59991)3({ WDOT(1y4JA)yJA=1,NAPL) y1=1,NM)
WRITE(6,9992){{ PHIVIIs+JA)yJA=1,NAPL)sI=1,NM)
WRITE(699993 3 (PHIDT(I 3JA) yJA=1 4NAPL) sI=1,NM)

- WRITE(6,9994 ) ({ SI{TeJdAY ¢ JA=1eNAPL)yI=LsNHM)

12

610

WRITE(6499295)0 10 SIDT(I oJA} g JA=LoNAPL ) 9ol =4enNM)

WRITE(5,9990 ) L{THETA(T v3A) ¢ din 1 oNATLY 1 =1y de)
CONT INUE

GO TO (3,4),N50T7D

CONVERT RESPUNSE TGO FORM FOR LUADS CCMPUTATIONS

D3 6110 I=1,NH
X(I)Y=RADIS{I)
Md=1

DU 625 I=1,KNR
RRBL=R=RBL{T)



M=M
DO 620 J=MyNM
Md=J
IF (X({J)«LTRRBLY GU TO 620
K=J
IF (KeEQoel) K=K+1
JM{T)=K~1
JMPL(I})=K
GO TO 625
" 620 CONTINUE
JM{T)=NM-1
JMPL{I)=NMm
625 CONTINUE
DU 700 JA=1,NA
THETC=AC*SSP{JAY+BCRCCP{ JA)
THC L=CPUOMG*( AC*CCP(JAI-BC*SSP{JA)}
DO 650 M=1,NR :
RRBL=R*RBL{ M)
IF{JMIM)) 63C,6504630
630 I=JdM{#)
{Pl=JNMPL(M)
FCTR=(RRBL-X{TI)})/7(X{IP1)-X(1))
DO 640 [I=1+2
THT=THETO+THETC+PHIVI1  JA)
PH==THETAT L JAI*CCPS{T)-SI(I4JAYRSCPS(])
HO=UNOCPRX(VOUOT{ Ty JAIRCOCPS{I ) ~WIOT( Iy JAIRSCPSUI)+ZA(IVHRPHIDT (I, A )%
ICCPSEIIH(ZAC D) -HUD) PRI THC 14 CPUMG*PH) ) ~AMURC SALT*CCP ( JA) *¥PH
GO TO (6374,645)511
637 HDT{M)=HD%{(1.—-FCTR)}
ATH{M)=THT *( 1L.~FCTR)
APH(MI=PrH* {1 .~FCTR}
I=IP1
640 CONTINUE
645 HIOT{M)=HUT (M) +FCTR%*HD
APH (M} =APH{ M)} +F( TR*PH
ATH{M)=ATHIM)+FCTR*THT
50 CONTINUE
DO 060 M=1,8R
HOOT (M JAY=HDT (M)
PHI( M, JA)=APH{M)
660 THET (M, JAI=ATHI{M)
TG0 COUNTINUE
4  CHONTINUE
IF{IT3.FQ.1000) GO TG 10
IF(NPRNTLT,2)60 TO 6
10 WRITE(6424)
WRITE(6, 2930 (HDOT {14J)yJd=1¢NA})41=1,4NR)
WRITE(6:22)
WRITEL 65 29){{PHI {14J0)9J=14NA) ,1=1,NR)
WRITE{(6423)
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ARITE(6929) (ITHETA(Lyd) 3J=1,NA),I=1,8R)
WRITE (6423)
WRITE (6529) ((THET(I,J) 4J=1,NA) s1=1,NR)
6 WRITE(NUGUT,2935)
WRITE (NOUT ,939) {11 ,11=1,MAXNMO) ,
939  FORMAT{1X,14HAZ IMUTH {DUWN) /6H MODE 42XeIly  13(7X,12))
DO 5 JJ=1,N4
5 WRITE(NOUT,938) JJ,(CST{IL,JJ),11=1,MAXMD)
IF({IT3-1000) 892,750, 750
750  CONTINUE

NALVTO=138
NRNRA=37
WRITE(6,8795)
CALL HARMNINM,NAPL1,DSTPHIV +6,NM/ SysNAUVTO,NRNRA)
WRITE(6,48991)
CALL HARMNANMyNAPL,DST, VX 169y NVAS s NAOVTU » NRNRA)
WRITE(648992)
CALL HARMN{NM,MNAPT 051 yWX 26 s NMAS g NAOVT Oy NRNRAD
NAP kI=NA+1
890 NR=SNR
RETURN
9988 FORMAT (/1HO3HVX //{9613.5))
9989 FORMAT {/1HU»3HWX //(9G13.5))
9990 FORMAT{/LHO,S5HVDOT //(9G13.501
9991 FURMAT(/1HD, 5HWDOT //{9613.5))
9692 FORMAT(/LHOSHPHIV //(3613.5))
9693 FURMAT{/1HO,SHPHIDT//{9513.5))
9994 FUORMAT(/L1HOy5HST /7{9G13.57)
3965 FURMAT{/1HO,5HSIDT //{9G13.51)
9996 FORMATI(/1HO,5HTHETA//(9G13.5))
9997 FURMAT (6HOVDTDT//(9613.5))
24 FUORMAT {S5HOHOGT//)
29 FORMAT(10(1X4ELZ.5)4/)
22 FORMAT (4HOPHI//)
23 FORMAT {(6HOTHETA//Y
28 FORMAT (S5HOTHET//)
2935 FORMAT (2(/) 55X410HCST VALUES)
938 FURMAT(1X,12,14(F9.4})
Q00 FURMAT(LIX,5E20.7)
8991 FORMATU{/5TX,2L1HFLATWISE DISPLACEMENT)
8992 FURMAT(/57X 4+ 22HCHORDWISE DISPLACEMENT)
8993 FCORMATI/57X,17THFLATWISE VELOCITY)
8994 FUORMAT{/57X, 18HCHURDWISE VELOCITY)
8995 FORMAT(/57X,26HTORSIONAL DEFLECTION ANGLE)
8656 FORMAT(/57TX-33HTORSIONAL DEFLECTION ANGULAR RATE)
8997 FURMATI{/57X,23HCHORDWISE BENDING-SLUPE)
8998 FCORMAT(/57TXy36HCHORDWISE BENDING-SLUOPE ANGULAR RATE)
8999 FORMATL/S5TXy35HFLATWISE BENDING-SLOPE ANGULAR RATE)
END
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SUBROUTINE SAE AR

OIMENSION CT{18437) sCMZILB 33T )4CMY(18437),CVZI1843TH,CVY{18,37}
DIMENSION SIGKJ(2G+20}
DIMENSION ELNTH{LI8),EMAS(IB),EIX{1I8),E1ZE18B)RBLILO},

1 XENR{1B),DPHI{18) ,EIY(18}),EPS{18),DLZ{18),ZAlL8B},

2 YINRILI8),OMEGAL20),SIG{20),BDE15)

DIMENSION AV{18+20)sA0i18,20),APHILL8,2014ASI(184200
1 ATHETE 184201 oAT(13420) sARZULEv200 5AVYL 18,20 &
2 AMY {18420, AVZIL18420 s HIOTE13:306) 4PHILLU3E),
3 THET{1O,36) sFXEL0 436 sFZi1Ge36)9yEMOLLO »36)

DIMENSION VDOTU18+37) o WOUTE LB 37 yPHIOT( LB 3T+ SIDTLLE 37} 4
B CSIDTE20.37)

DEMENSIUN FY{IB3T) oFwlEB8 o3 Th o EMEMELLB o3 F o CSI(2093T )1 9CS2DT (204 37)
1 +CHELZp 2 yCOPEITE pSSPEIT) 2 CCPSULE) o SLPSEL B s SUMALLE D o HIL8 Y o X (LS}
2 RADISHLIS) s PHIVELES 3T )y STEL 33T FpRCOTUT (130 ) o THETAE LBy 3T)

DIMENSION CSPIHELA) sCAPHITLE) sCCUBT) 3 SCE3TL oy EX(3TFwEXMTEITIoSNELL )
I SMEAZUTIS P aSHMEAXELE3 e SMLAMELB) fALAML 3TF o SFZE3T) 9 SEX( 3T o SFHE3T) »

2 FORCE3T)
DIMENSIUN JMC 102 pJMPLI{10) yHDRELOF yAPHELO K »ATH{10)

COMMON /BLD4X1/ ELNTH, FMAS, EIX o RBL s XINR, DPHI, EIY , EPS,
1 DLZy ZA 4 YINR, UMEGA, PSIRy SIG 5, AV » AW 4 APHE o ASL o ATHET,
2AT o AMZ 4 AVY o AMY o AVZ 4 BD ¢ RWK 4 CSAL 4 NM o XCSIDTs
3 SIGKJy DAMPC

COMMON /GLOROL/ THETO,CPSQsDTHAC,BCAKL ¢ BTZ24RyONOCP 4LSALT
COMMON ZCONL1/ EMR,PI0O2 yXRCOT ¢RAByNMPLy NRPLyNAPL

COMMON /337 DSToIJyKTEST AMSNAyAMSNS o EMTAL y EMTHL ¢ ALLL yALLZ , ROALR,
1 RALyRBL,yERRSYV

COMMUN /f8LD4X2/ DOT yPHI 3y THET o FX oF Z o EMD o NMAS o NMODE o NAPSONy NRE
COMMON £BLD4X3/ AMU.NA,NR1

COMMON. fSADL/ FVFW . EMOME, CSECS2ZDT » Cilly

LCEP s SSPCCPS, SCPSy SUMA s H gy X o RADES o PHIV oS T w THHET Ay CSPHo CAPHI , LTy SCoEX
e EXMT o SN o SMEAZy SML AX 5 SME &AM ALAM o SFZ 5 SEX » SFM o FORC o JMiy JMPL oHDT 9 APy
3ATH

CUmMON  FSUSNR /A SNR

CEMMON FARY /S NGOT D

COMMON FSAD2£ UDOT s WDOT o PHIDT SIDT «CSEDT

COMMON ZALF KBL o NS g NR o Nk ¢ NCV 4 NR2 s MAXMD y NETL 4 NET2,NIT3

L +CPCMGLLT3

COMMON Z1O/INNOUT oI TT41T8

COMMON /ZSHEARL/ NADVTO

NRNRNA=NRENA

D0 200 JA=1,NAPIL
DO 200 I=1,N¥
DT=0.

DMY=0.

DMZ =0,
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260

900
901
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DVY=0,

DVL=0,.

DO 100 K=1,MAXMO
CSIX=CST(KyJA)
DT=DT+AT({I 4K)I*CSIX
DMZ=DMZ+AMZ(I,K}*CSIX
DMY=DMY+AMY{],K)}*CSIX
DVZI=DVZI+AVZ{1,K}*LSIX
DVY=DVY+AVY{I,K)}*CSIX
CTUI,JA)=DT
CMZIT,JA)=DMZ
CMY(1,JA)=DMY
CVI(I,JA) =DV
CvY{1l,JA)=DVY
CONTINUE

NSAVE=NA

NAQVTO=18

NRNRNA=3T

CALL HARMN (NMyNA,DST,CT,1,NMASy;NADVTO, NRNRNA)
WRITE (649CG0)

WRITE (6,901} ((CT{I,Jd) sJ=1¢NA),I=1,NM)

CALL HARMN (NMyNA,DSTCMZy2yNMAS  NAUVTO »NRNRNA)
WRITE (6,500)

WRITE{G90L){{LMI(T,5J) 9J=1sNA)I=1,0NM)

CALL HARMN (NMyNA,DST,CMYy44NMAS, NAGVTO ; NRNRIA)
WRITE (6,500)
WRITE(6s0 L1 L(CMY{T4J) 4J=1,NA),I=1,NH)

CALL HARMN (NMyNA,DSIyCVZs54NMASyNAOVTU » NRNRNA)
WRITE (6,900)

WRITE(H, 301 ((CVZITyJ) yJ=1,NA)»yI=1,NM)

CALL HARMN (NMyNA,OST+CVY 39y NMASHNAOVYTO , NRNRNA)
WRITE (6,909)

WRITE (64,9011 ((CVY{1yd)sd=14NA)yI=1,NM)
NA=NSAVE

RETURN

FORMAT {//7 56X, 19HRADIAL VS AZIMUTHAL)
FORMAT(///7193G14.61)

END



oo

SUBROUTINE RSPZZ

DIMENSION RCAP(11)4ZWK{11436)sVX{18437) ,0X{18,37)

DIMENSION KM{11),KMP1{11)

DIMENSIUN SIGKJL2C, 20)

DIMENSION ELNTH(18),EMAS({18),EIX{18),E1Z(18),RBL{10),

1 XINR(18),DPHI(18),EIV(18),EPS{18),DLZ(18),2ZA{18),
2 YINR{18),0MEGA{20),S1G{20),BD{15)
DIMENSION AV(18420) s AW{ 18,4200 +APHI{18+20)+ASI(18420}),
1 ATHET(18420) yAT{138+20) yAMZ{(18,20),AVY (18,201,
2 AMY{18,20)4AVZ(18,2C) +HDOT(10+36),PHI{10,36),
3 THET(10436) oFX(10,36)+FZ{10+36),EM0O(10,36)

DIMENSION VDOT(18,37) oWDOT{183537)yPHIDT(18437)+SIDTI(18437)
1 C310T(20,37)

DIMENSION FV(L8,37) sFW{18+37),EMOMELL18:37),CSI(20,37),052DT{20,37)
1 sCHELIZ:18),CCPE3TIoSSPI37) ,CCPS{18)+SCPS{18),SUMALL8)sHI{18)},X(19)
2 sRADIS{1IB)PHIVILB937)»S5I1(18937)9XCSIDT{1y36)yTHETA(18,37)

DIMENSION CSPH{LIB) yCAPHI(I8) sCCI3TY2SCI3T ) EXIBT Yo EAMT{3T)+SNI11)y
I SMLAZ(18),SMLAX{18) ySMLAM(18),ALAMI3T) 4SFZ(37),SFX(37)4SFM(37),

2 FORC(37)
DIMENSTON JM(10),JMPL(T10),,HDT{10),APH(I0),ATHI10)

COMMON /BLD4X1/ ELNTH, EMAS, EIX , RBL , XINRy OPHI, EYY , EPS,

1 DLZy ZA 4 YINR, OMEGAy PSIRy SIG 4y AV » AW o APHI 4, ASI 4 ATHET,
2AT 4 AMZ 4 AVY o AMY o AVZ 4 BD 4 RWK 4 CSAL 4 NM 4 XCSIDT,

3 SIGKJ, DAMPC

COMMON /GCURDL/ THETOCPSWws DT ACBC AKL 9 DTO2sRHyONDCP,CSALT
COMMON /CUNL1/ ENR,PID2 4XROOT s RAB,NMPL s NRPL4NAPL

COMMON /A1/ NBL ¢NB yNReNWyNCVINR2yMAXMOsNITL ¢oNIT2,NIT3

1 4CPCMG,LIT3

COMMON ZI0/ZINSNGOUT L IT7,178

CUMMIN /B3/ DSI s IJ¢KTESTyAMSNA,AMSNB yEMTAL,EMTBL1,ALLLyALLZ+ROAIR,
1 RAL4RA1,ERRSY

COMMUON /BLD4 X2/ HOITsPHI yTHET 9F X oFZ oEMD o NMAS s NMUDE s NAPSCN,NR1 1
COMMIN /73LD4X3/7 AMU,SNANR1

COMMIN /SADL/ FV+FuW EMOME,CSI,CS2DT+CH,

LCCP s SSPyCUPS s SCPSsSUMAHy XgRADISePHIV STy THETAZCSPHyCAPHI yCLySCLEX
21EXMT,SN:SMLAZ,SMLAX,SMLAM,ALAM,SFZ,SFX,SFM,FGRC:JM,JMPI;HDT;APHy
3ATH

COMMON /75VSHNR/ SHNR

COMMON /GARY/ NGUTQO

COMMION /SAD2/ VOIT yWDOTsPHIDT,SIDTLLSIDT

COMMUN /SADS/ VXWX

CUMPUTE Z 5 FUR CASE 12 WAKE AND LUADS RuUNS

4 READ{5,9990 ) (RCAP(I),I=1L,NRPL)
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630

637

640
645
650

660
700

390
24

29
30

VU 0l I=14,84
X{1)=XROUT

D0 610 J=1,1
X{I)=X{I)+ELNTH{J)
Md=1

DU 625 1=1,NRP]
RRBL=RCAP(])

M=MJ

DU 620 J=My,NM

VI=Jd

19 {X{J).LT.RRBLY GO T 620 .
K=J '
I (KeEQL1) K=KH1
Kid{ 1) =K~1

KMPL{1)=K

6GU TU 625

CONTINUE

KM{ I )=NM-1

KMPl{I)=nM

CONTINUE

OO TGO JA=1,NMA

DJ 650 M=1,NRPL
RRBL=RCAP( M)

IFIKMIM)) 6304650,830
[=KM{M)

IPl=KMPY (M}
FCTR=(RRBL-X{III/Z7{X{LTIPLI=-X(1})
DO 640 I1=1,2
HDO=-VX{{,J4A)

GO TO {637,645),11
HDT{M)=HD* ({1l .~FCTR)
I=IpP1

CONTINUE
HDOTIMI=HOT (M) +FCTR*HD
CONTINUE

DU 660 M=1,NRP1
ZWK(My,JA)=HDTI{M) /R
CONTINUE

WRITE(G6,24)

WRITE(3929)1({ ZWK (I9J)sI1=14NRPL) yJ=1,NA)
WRITE(6+30){{ ZWK (I,J)s1=14NRP1),J=1,NA)
CONTINUE

FORMAT {8F10.9)

FORMAT( S5HOZWK /7))

FORMATY( 29X,F10.7)

FORMAT (1Xy8El6.7)

END



Machine Compatibility:

The Blade Loads Program has been run on the University of
Rochester's IBM 360/65 under MVT Release 18, General Computer
Corporation's CDC 6600 under Scope 3.2, and NASA-Langley CDC 6600
.under Scope 3.0. The program is standard FORTRAN IV and is also

WATFIV compatible.
Recommended CDC 6600 Overlay Statements
Mainline:

OVERLAY (BLADES,0,0)
PROGRAM BLD34 (INPUT, OUTPUT, BDSTRT, BDGAM, BDSIG, PUNCH,

TAPE2=BDSTRT, TAPE5=INPUT, TAPE6=OUTPUT, TAPE7=BDGAM,
TAPE8=BDSIG, TAPE3=PUNCH)

2004 CALL OVERLAY (6ELBLADES,1,0,6HRECALL) replaces
2004 CALL BLD3

CALL OVERLAY (6LBLADES,2,0,6HRECALL) replaces the two calls
to CALL BLD4

Subroutine BILD3:
OVERLAY (BLADES,1,0); PROGRAM BLD?
Subroutine BILD4:

OVERILAY (BLADES,2,0); PROGRAM BLD4
CALIL, OVERLAY (6LBLADES,2,1,6HRECALL) replaces CALL CONVL
CALIL, OVERLAY (6LBLADES,2,2,6HRECALL) replaces CALL GCOORD
CALL OVERLAY (6LBLADES,2,3,6HRECALL) replaces two CALL RSPNS
CALL OVERLAY (6LBLADES,2,4,6HRECALL) replaces CALL SHEAR
IF(NPCH.EQ.1) CALL OVERLAY (6HBLADES,2,5,6HRECALL)

replaces IF(NPCH.EQ.1l)CALL RSPZZ

Subroutine CONVL:

OVERLAY (BLADES, 2,1); PROGRAM CONVL
Subroutine GCOORD:

OVERLAY (BLADES, 2,2); PROGRAM GCOORD
Subroutine RSPNS:

OVERLAY (BLADES,2,3); PROGRAM RSPNS
Subroutine SHEAR:

OVERLAY (BLADES, 2,4); PROGRAM SHEAR
Subroutine RSPZZ:

OVERLAY (BLADES,2,5); PROGRAM RSPZZ
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